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Chapter 1 

1. 

2. 



3. 

4. 



d _ 20,0004 


1 mi 


6Q/6 


60 pain 


t 10^ 


_ 5,2804 _ 


_lrp4n_ 


lh 



= 1363.64 mph 



4 njifi 



lh 



L 60 mjjrj 



= 0.067 h 



d 31 mi , 

v= — = 29.05 mph 

t 1.067 h 



a. 



95# 


1 

y\ 

K> 

00 

o 

3> | 


14 1 


1 ry(m 


A 


_ P*i J 


60rpin 


_ 60s _ 



= 139.33 ft/s 



b. t = — = - 



60 ft 



v 139.33 ft/s 



= 0.431 s 



c. u = 



d _ 60,4 


60# 


60rpm 


lmi 


/ 1# 


lipi^ 


lh 


5,280# 



40.91 mph 



10. MKS,CGS, °C= | (°F- 32) = | (68 -32) = | (36) =20° 
SI: K = 273.15 + °C = 273.15 + 20 = 293.15 



11 . 



iooM 



0.7378 ft -lb 

U 



= 737.8 ft-lbs 



12 . 

13. 

14. 



0.5 yd 


3# 


12#.' 


2.54 cm 


_lyd_ 


_ 1# _ 


1 jif. 


a. 


10 4 


b. 10 6 


a. 


15 x 10 3 




b. 30 


e. 


4.02 x 10 -4 


f. 2x 



= 45.72 cm 



O 

O 


d. 


10“ 3 


X 

O 


c. 


2.4 x 10 6 


10 10 







e. 10 ° 



f. 10 1 

. 150 xlO 3 



Chapter 1 



1 




15 . 



a. 4.2 x 10 3 + 48.0 x 10 3 = 52.2 x 10 3 = 5.22 x 10 4 

b. 90 x 10 3 + 3 60 x 10 3 = 450 x 10 3 = 4.50 x 10 5 

c. 50 x 10~ 5 - 6 x 10" 5 = 44 x 10~ 5 = 4.4 x 10 -4 

d. 1.2 x 10 3 + 0.05 x 10 3 - 0.6 x 10 3 = 0.65 x 10 3 = 6.5 x 10 2 

16. a. (10 2 )(10 3 ) = 10 5 = 100 x 10 3 

b. (10“ 2 )(10 3 ) = 10‘ = 10 

c. (10 3 )(10 6 ) = 1 x 10 9 

d. (10 2 )(10“ 5 ) = 1 x 10“ 3 

e. (10 _6 )(10 x 10 6 ) = 10 

f. (10 4 )(10" 8 )(10 28 ) = 1 xlO 24 

17. a. (50 x 10 3 )(3 x 10 _4 )=150x 10" 1 = 1.5 x 10 1 

b. (2.2 x 10 3 )(2 x 10 -3 ) = 4.4 x 10° = 4.4 

c. (82 x 10 6 )(2.8 x 10“ 6 ) = 229.6 = 2.296 x 10 2 

d. (30 x 10~ 4 )(4 x 10 3 )(7 x 10 8 ) = 840 x 10 1 = 8.40 x 10 3 

18. a. 10 2 /10 4 = 10" 2 = 10x 10“ 3 

b. 10 2 /10 3 = 10~ 5 = 10 x 10 -6 

c. 10 4 /10“ 3 = 10 7 = 10 x 10 6 

d. 10“ 7 /10 2 = 1.0 x 10“ 9 

e. 10 38 /10“ 4 = 1.0 x 10 42 

f. VlOO/lO" 2 = lOVlO -2 = 1 x 10 3 



19. a. (2 x 10 3 )/(8 x 10 -5 ) = 0.25 x 10 8 = 2.50 x 10 7 

b. (4 x 10" 3 )/(60 x 10 4 ) = 4/60 x 10“ 7 = 0.667 x 10" 7 = 6.67 x 10“ 8 

c. (22 x 10" 5 )/(5 x 10“ 5 ) = 22/5 x 10° = 4.4 

d. (78 x 10 18 )/(4 x 10 -6 ) = 1.95 x 10 25 

20. a. (10 2 ) 3 = 1.0 x 10 6 b. (10 -4 ) 172 = 10.0 x 10“ 3 

c. (10 4 ) 8 = 100.0 xlO 30 d. (10 -7 ) 9 = 1.0 x 10 -63 



21 . 



22 . 



a. 

b. 



c. 

d. 



a. 



b. 

c. 

d. 



(4 x 10 2 ) 2 = 16 x 10 4 = 1.6 x 10 s 
(6 x 10" 3 ) 3 = 216 x 10“ 9 = 2.16 x 10~ 7 

(4 x 10" 3 )(6 x 10 2 ) 2 = (4 x 10“ 3 )(36 x 10 4 ) = 144 x 10 1 = 1.44 x 10 3 
((2 x 10“ 3 )(0.8 x 10 4 )(0.003 x 10 5 )) 3 = (4.8 x 10 3 ) 3 = (4.8) 3 x (10 3 ) 3 

= 110.6 x 10 9 = 1.11 x 10 11 

(- 10~ 3 ) 2 = 1 . 0 x 10 "* 

10 3 

(10~ 3 ) 2 (10 2 ) _ (10~ 6 )(10 2 ) _ 10^ _ t 0 ,, 10 ~8 
10 4 10 4 10 4 

S^-lO 7 /!^- 1.0x10“ 

10“ 4 
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e. (1 X lO^lOVlO 6 = (l(r 12 )(10 2 )/10 6 = 10 MO /10 6 = 1.0 X l<r 16 

fegj 1 J_ = , 0 x 

' [ ( 10 2 ) 2 ][l0->] (10 4 )00- 3 ) 10 • 




[(3 x 1CT 3 ) 3 ] [l.60x 10 2 ] 2 [(2x 10 2 )(8x 10^ 4 )] 12 
(7 x icr 5 ) 2 

_ (27x10~ 9 )(2.56x10 4 )(16x 10~ 2 ) 1/2 
49xlO -10 

(69.12xl0^)(4xl0 ‘) 276.48 x IQ" 6 

49xlO -10 ~ 49xlO -10 

= 5.64 x 10 4 = 56.4 x 10 3 
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d. 30 x IQ" 8 = Q.00Q3 x 10~ 3 = 0.3 x 1CT 6 = 300 x 1CT 9 
-5 +3 +3 



25. a. 



b. 



c. 



d. 



26. a. 



b. 



c. 



d. 



0.05 x 10° s = 50 x 10“ 3 s = 50 ms 
~+3 

+3 



2000 x 10“ 6 s = 2 x 10~ 3 s = 2 ms 




8400 x 10 12 s => 0.0084 x 10"° s = 0.0084 /b 
-6 

-3 



e. 4 x 10 -3 x 10 3 m = 4 x 10° m = 4000 x 10“ 3 m = 4000 mm 




f. 260 x 10 3 x 10“ 3 m = 0.26 x 10 3 m = 0.26 km 



1.5 ntfn 

0 . 04 ^ 

0.05X 

0.16 pti 



-3 

60s 



= 90 s 



.11 

0 

1 


' 60s ' 


L ix J 


_1 rpin_ 



1 JUS 

LioVJ 

1 mm 



144 s 



= 0.05 x 10 6 /js = 50 x 10 3 /js 



L 1 0 “ J rp'j 



= 0.16 x 10 3 mm = 160 mm 
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io yj 



e. 1.2 x 10 7 x" — — f- = 1.2 x 10 2 ns = 120 ns 



„ . „ .. 6 flpmiir lX iriday ... , 

f. 3.62 x 10V — — — ^ 7 =41.90 days 



60X J L 60 mm J 24X 



27. a. 0.lMF^r 1 = 0.1 x 10 ~ 6 x 10 12 pF = 10 s pF 

F \/X Lio- l2 yJ 



b. 80 x 10“ 3 jA 100 Cm = 8000 x 10“ 3 cm = 8 cm 
_ ljatf 



c. 60 4 ljal IT lkm 1 = 60 X IO -5 km 



100 cXJL 1000 j*f. 



, - „ , , 60 pmi 1 T 60X 1 T 1 ms 1 „ „ „ „ 6 

d. 3.2X — “ — — 7 - r- = 11.52 x 10 6 ms 

IX JLlpmJLlO X_ 



e. 0.016 mfn — — 7^ ^ '^, m = 0.016 x IO 3 (mi = 16 um 

r lijifn JLlO'Vj 



f. 60 end* 1 m 1 m = 60 x IO -4 m 2 
^ lOOXnJ [lOOXn, 



28. a. 100 ki. = 2.54 m 

39.37X-. 



. . ~ 12 ill 1 Tim ... 

b. 4X — = 1.22 m 

Iff 39.37 jzf. 



4 45 N 

c. 6X ' 7 = 26.7 N 

lX 



d. 60 x IO 3 dyries 



IX f Hb 



IO 5 dyrfesJ|_4.45X 



= 0.13 lb 



e. 150,000 cm ^ =4921.26 ft 

r 2.54 <xJ [l2X-_ 



. „ ... . 5280X] r 1 2 j*f. 1 r lm ... 

f. 0.002 X — — — = 3.22 m 

IX JL IX JL39.37j*f._ 
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5280 ft, 5280X = 1760 yds 

_ 3,if J 

5280X lm = 1609.35 m, 1.61 km 

lX J L39.37jrf._ 



299,792,458 



^[39.37>d.ir Iff 1 f lmi If 60X] [60 min 



XL IX J L 1 2 J [5280Xj Ll J L lh 

= 670,615,288.1 mph = 670.62 x 10 6 mph 



100 yd§ lmi =0.0568 mi 

_!ydJL5,280^_ 



60 mi f 1 X 1 f 1 ram 



IK L 60 rphi 



= 0.0167 mi/s 



d 0.0568 mi , 

t = — = = 3.40 s 

0.0167 mi/s 



30 jrii 5280X 12X- 1 m 1 ]/ 1 rpih 

/ft _ l jx& __ IjK _ 39.37 jif. 60 prfn 60 s 



= 13.41 m/s 



" r 3x " 


lmi 


. L*. 


5,280-X 



= 1.705 mi/h 



d 3000 mi lday „„ , 

t = — = = 1760X ^ = 73.33 days 

u 1.705 mi/h 24 X 



lOOOtrfl [~ 39.37jrf.~l f IX 1 [ 1 mi 



1 mi d 

u= , t= — = 

6.5 min 



IX JL12X-JL5280X 

d 6.214 jdi . 

— = — - — ; — = 40.39 mm 
v lgri 

6.5 min 



= 6.214 mi 



100 yds = 3600 in => 3600 quarters 

~ [iydJL IX J 



60 mph: t=—= m * = 1 .67 h = 1 h:40.2 min 

v 60 mi/h 



75 mph: t= — = — 

v 75 

difference = 20.22 minutes 



d 100 mi , . 

t = — = = 1.33 h = 1 h: 1 9.98 min 

v 75 mi/h 
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37. d = ut = 


~600^~ 


[0.016^1 


i 

os 

o 

x 
1 


' 60^" 
-y 


i pf 




l / \ 


L ' J 


L \x J 


lrprn 


100 pth 



40. 



= 345.6 m 



38. d= 86 sjorfes 



14 ^ 

sfofy 



d 

u= — => t = — = 
t u 



lstep 

Ti 

12 

1605 steps 
2 steps 
second 



= 1605 steps 
= 802.5 septffick 



1 minute 
L 60 sepofids J 



= 13.38 minutes 



39. d = (86 stpries) 



14 ft 
'LstpcfJ 

min 10.7833 min 

mile 0.228 miles 



= 1204^ 



lmile 



5,280 r 

47.30 min/mile 



= 0.228 miles 



5 min 
mile 
d 



u = 



t 



l^nrffe 
5 min 

f _d__ 

u 



5,280 ft 
lpfte" 
1204 ft 



1056 ft 



1056 



ft 



minute 

= 1.14 minutes 



distance = 86 stpries 



14 ft 
[stprf 



= 1204 ft 



min 



41. a. 541 



1 Btu 



c. 



1054.35^ 

24 ojiH^es 
1.4 dpy£ 



= 4.74 x 10“ 3 Btu 





1 m 3 


_128oujxres_ 


264.1 72 g^lldns 



7.1 x KTW 



86,400 s 
1 . 



= 1.21 x 10 5 s 



d. 1 pf 3 



“264.1 72 g^Mns" 


8 pints 


lp* 3 


1 gallon 



= 2113.38 pints 



42. 6(4 + 8) = 72 

43. (20 + 32)/4 = 13 

44. \T (8 2 +12 2 ) = 14.42 



45. MODE = DEGREES: cos 50° = 0.64 

46. MODE = DEGREES: tan -1 (3/4) = 36.87° 
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47. 



nT(400/(6 2 +10)) =2.95 



48. 205 x 10 -6 

49. 1.20 x 10 12 

50. 6.667 x 10 6 + 0.5 x 10 6 



7.17 x 10 6 
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Chapter 2 



1. 



a. F= k 



aa= (9*10’)(lC)(2C) =i 8>< i 0 , N 



(lm) 



b. F-tS& k-(^OC)(2C)- 2x i 0>N 

r (3 m) 2 



c F , t Qg L= (9 x 10>)( 1C )(2C)^ 18)<10 , N 
r 2 (10 m) 2 



i t- . „ r, 10 m F, 18xl0 9 N 

d. Exponentially, — = = 1 0 while — = — = 



r\ 1 m 



F 2 0.18x10 9 N 



100 



3. a. 



r = 1 mi: 

1 pal 



"5280ft' 


"12 jrf.' 


1 m 


1 pft 


_ 1ft _ 


_39.37>ft._ 



= 1609.35 m 



Tr _kQ l Q 2 (9xl0 9 )(8xl0” 6 C)(40x10' 6 C) 2880x10” 

r t — = 



(1609.35 m) z 



2.59xl0 6 



= 1.11 juN 

r =10 ft: 
lO^fl 



12 i)*'. 


1 m 


1 J 


39.37 



= 3.05 m 



F= ^QiQi 2880x10 2880x10 =()31 N 



r 2 (3.05 m) 2 



9.30 



c. 



lM- 

TtT 



lm 



39.37 v(. 



F = 



_ k Q\Q 2 



= 1.59 mm 

2880 xlO” 3 2880 xlO” 3 



r z (1.59x10 m) 2.53x10” 

= 1138.34 kN 



■ 1138.34xlO J N 



c k Q\Qi /cQ0 2 (9x 10 )(20 x 1 0 ) in 

5. F= 12 => r = , 12 = , 3 — = 10 mm 

F V 3.6xl0 4 
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6. 



kQiQi 



*0i02 =4(1.8) = 7.2 



a. 



= 72 mN 



/•' ( 10 )' 

b. 01/02=1/2^02 = 20! 

7.2 = £0i 0 2 = (9 x 10 9 )(e 1 )(2e 1 ) = 9 x 10 9 (2Q 2 ) 



18 xl 0 y 



0i => 0i 



18xl0 9 



20 juC 



Q 2 = 2Qi = 2(2 x 10" 5 C) = 40 //C 



F= ^ = _L^_ = 3kV 

Q 0.4 mC 



W=VQ = (60 V)(8 mC) = 0.48 J 



W 96 J 

Q= — = — = 6 C 
V 16V 



W 72 J 

Q= — = —— =SC 
V 9 V 



r 0 12 mC 

/= — = =4.29 niA 

t 2.8 s 



r-O.J. =2.60 A 
t (2)(60 s) 



Q = It = (40 mA)(0.8)(60 s) = 1.92 C 
Q = It = (250 mA)(1.2)(60 s) = 18.0 C 



0 6 mC „ 

t= — = =3 s 

1 2mA 



21.847 x 10 18 eleptr(5ns ^ = 3.5 C 

^ 6.242 xlO 18 elgetfons 

/_ 2 = _ 0 . 29A 
t 12 s 



g = It = (4 mA)(90 s) = 360 mC 



6.242 x 10 18 electrons 



= 2.25 x 10 8 electrons 
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18. 



= 1 . 1 94 A > 1 
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27. 



28. 



40 Ah(for 1 h): W t = VQ= V-I-t = (12 V)(40 A)(l /) 

60prin 



60 grin 


' 60s ' 


i/ _ 





60 Ah(for 1 h): W 2 = (12 V)(60 A)(l / K) 



\X 



60s 
1 vyfrn 



= 2.592 x 10 6 J 



Ratio M y IV, = 1 .5 or 50% more energy available with 60 Ah rating. 



For 60 s discharge: 40 Ah = It = /[bO^ 

40 Ah 



\j/m 

60/ 



lh 

60 jrfrn 



and/ = 



16.67 xl0' 3 h 
60 Ah = /t = /[60 / g] 

60 Ah 



= 2400 A 



li^m 


lh 


_ 60/ _ 


r oT 

o 

il 



= 7(16.67 x 10 



= 7(16.67 x 10“ 



and 7 = 



= 3600 A 



16.67 xl0' 3 h 

7 2 /7i = 1.5 or 50 % more starting current available at 60 Ah 
3 Ah 



7 = 



= 500 mA 



6.0 h 

Q = It = (500 mA)(6 Jt) 

W= QV= (10.8 kC)(12 V) = 129.6 kJ 



60 rpm 


" 60s ' 


_ Hi _ 


1 rpin 



= 10.80 kC 



29. 


— 






30. 


- 






31. 


- 






32. 


- 






33. 


- 






34. 


- 






35. 


4 njifi 


" 60s " 
1 


= 240 s 




Q = It 


= (2.5 A)(240 s) = 600 C 


36. 


Q = It 


= (10 x 


10 3 A)(20 s) = 200 mC 




W= VQ = (12.5 V)(200 x 10" 3 C) = 2.5 J 



1.728 x 10 6 J 

r 

3 h) 

3 h) 
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Chapter 3 

1. a. 0.5 in. = 500 mils 



i „ „„ ./ 1000 mils ., 

b. 0.02 ill. =20 mils 



1 . . lOOOmils ., 

c. — in. = 0.25 yd. = 250 mils 

4 lift. 



d. 1 in. = 1000 mils 



. . . - 1216.1 10 3 mils ... ., 

e. 0.02/ft = 240 mils 

_ tft ] IjA. 



. , . li6. 1 [lOOOmils ... ._ „ 

0.1/dm — =39.37 mils 



L2.54>2fnJ L ljA- J 

a. A cm = (30 mils) 2 = 900 CM 

b. 0.016 in. = 16 mils, A CM = (16 mils) 2 = 256 CM 
1 " 

c. - = 0.125" = 125 mils, A CM = (125 mils) 2 = 15.63 x 10 3 CM 



, , , r Lib. iriOOOmilsl .... „ ., . ., x2 „„ 

d. 1 /din — — — 7 - = 393.7 mils, A C m = (393.7 mils ) 2 = 155 x 10 3 CM 

_2.54^mJ[ Yyd. 



e. 0.02/ft 



_ 12jrf." 


1000 mils 


_ Uf _ 


Ini’. 



240 mils, Acm = (240 mils) 2 = 57.60 x 10 3 CM 



f. 0.0042/h 3931 m ‘ = 0. 1 654 in. = 165.4 mils, A cu = (165.4 mils) 2 = 27.36 x 10 3 CM 
Un 



A CM (^mils ) ^ ^mils yj ^CM 

a. d= J 1 600 CM = 40 mils = 0.04 in. 



b. d = V820 CM = 28.64 mils = 0.029 in. 

c. d= a / 40,000 CM = 200 mils = 0.2 in. 
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4. 



d. d = V625 CM = 25 mils = 0.025 in. 

e. d= V6.25CM = 2.5 mils = 0.0025 in. 

f. d = VlOO CM = 10 mils = 0.01 in. 

0.01 in. = 10 mils, A c m = (10 mils) 2 = 100 CM 

R = p— = (10.37 ) (2QQ) = 20.74 Q 
A 100 CM 



5. A cm = (4 mils) 2 = 16 CM, R= p— = (9.9) (15 ° ft) = 92.81 Q 

A 16 CM 



6. a. A = p — = 17 

R 



f 80' A 
v 2.5 



544 CM 



b. d = 7^7 = V 544 CM = 23.32 mils = 23.3 x 10“ 3 in. 



7. = 0.03125" = 31.25 mils, ^4 C m = (31.25 mils) 2 = 976.56 CM 

A-p-U/- ^ = (2.2Q)(976.56CM) = 3>58ft 
R p 600 



8 . 



, _ / (10.37)(300') _ _ 

a. Jcm — P — — 942.73 CM^ 

A 3.3 Q 

d = V942.73 CM = 30.70 mils = 30.7 x 10“ 3 in. 

b. larger 

c. smaller 



^silver ^ ^copper ^ ^aluminum 

b. Silver: R= p— = (9-9)(1 ° ^ = 99 D. {A c M = (1 mil) 2 = 1 CM 
y A 1 CM cm 

Copper: R= p— = ( 10 - 37 X 50 ft ) = 5.19 q { A cu = (10 mils) 2 = 100 CM 
y A 100 CM x cm v 

Aluminum: R = p— = (1 7 X200 = q { ^ = (50 mils) 2 = 2500 CM 

A 2500 CM 



10 . 



RA (500 Q)(94 CM) ^ , 

— = = 47 => nickel 

l 1000 ' 
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11 . 



a. 



3" = 3000 mils, 1/2" = 0.5 in. = 500 mils 

Area = (3 x 10 3 mils)(5 x 10 2 mils) = 15 x 10 5 sq. mils 



15 x 10 5 sq pails 



Ain CM 
1 sq^riil 



= 19.108 x 10 5 CM 



R= l _ (10-37X4') 

P A 19.108xl0 5 CM 



= 21.71 



b. 



R- p l - ( 1 ? X 4 ') 

P A 19.108xl0 5 CM 



= 35.59 juD. 



Aluminum bus-bar has almost 64% higher resistance. 



c. increases 

d. decreases 



12. l 2 = 2/i, A 2 = A\/4, pi = p\ 

Pih 

R i _ A i —Ah. hA_ — BA = g 
R i Bk A ) \ 1 \ A 2 kA /4 
A \ 

and R 2 = 87? i = 8(0.2 Q) = 1 .6 Q 
A/? = 1.6 0-0.2 0 = 1.4 0 



13. 



A = 



nd 2 , \AA 4(0.04 in. 2 ) A . 
d = J — = J = 0.2257 in. 



4 \ n \ n 

d m ih = 225.7 mils 

Acm = (225.7 mils) 2 = 50,940.49 CM 

h 



A 

& 



A 



4 _ yP\h ^2 _ A ^2 



Pl 



^2 J ^ 2^2 ^1 ^ 2^1 



(Pi = A) 



and ft . . (800 mQ)<300 ft)(40,000 CM) _ ^ m£1 



A ^2 



(200 ft)(50, 940.49 CM) 



14. a. #11: A50M 
#14: 450/ft 



1.260 Q 
100(H) 

2.525 Q 
1000/ft 



= 0.567 n 



= 1.136 £2 



Resistance: #14:#1 1 = 1.136 £2:0.567 £2 = 2:1 



c. Area: 



#14:#1 1 = 4106.8 CM:8234.0 CM s 1:2 
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15. 



16. 



a. 



#8: R= 1800/ft 
#18: R = 1 800/ft 



0.6282 Q 
10004 

6.385 Q 



= 1.13 ft 



11.49 n 



b. 



1000ft 

#18:#8= 11.49 ft: 1.13 ft = 10.17:1 = 10:1 
#18:#8= 1624.3 CM:16,509 CM = 1:10.16 s 1:10 



R 6 mfi 6x10 3 
but 110 A ^#2 



b. 1 _ga37X30-) = 311.1CM 

R 3mO 3xl0 -3 



17. a. A/CM = 230 A/21 1,600 CM = 1.09 mA/CM 



, 1.09 mA 

K 


i pi 


1000 gjifs 


“lOOOmilT 




^sq mils 


1 in. 


1 in. 



= 1.39 kA/in. 



c. 



5J^A. 



1 in. 2 
1.39 k^J 



= 3.6 in. 2 



18. 



19. 



— in. = 0. 083/ili. 



2.54 cm 
J/m. 



= 0.21 cm 



«^=(3.14XM1 cm)- w 



/ = 

I" 

2 



4X 



RA__(2 ft)(0.035 cm 2 ) 
p ~ 1.724x10 6 

2.54 cm] 

= 1 .27 cm, 3 >n. 
2.54 cm 



= 40,603 cm = 406.03 m 



1" 

12 X 



2.54 cm 



Y\p. 



= 7.62 cm 



= 121.92 cm 



L JL iM- J 

l_ (1.724 xlQ- 6 )(121.92 cm) 
A (1 .27 cm)(7.62 cm) 



21.71 //ft 



b. i? -/, P.825xl0^)(121.92cm) - 35CT 
^ (1.27 cm)(7.62cm) 
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c. increases 

d. decreases 



20 . 

21. 

22 . 



R,= — = 100: 



R = R, 



l 



■ w = 



, = _P_ = 250 Xl0' 6 = 
100 100 

R s l _ (150Q)(l/2in.) _ 



w 



R 500 D. 

a. d = 1 in. = 1000 mils 

J C M = (10 3 mils) 2 = 10 6 CM 
_ RA _ (l mC2)(10 6 CM) _ 



2.5 jucm 



0.15 in. 



A= T = 



1 in. = 2.54 cm 



10 3 ft 



= 1 CM-fi/ft 



. nd 2 ;r(2.54 cm) 2 2 

A = = — 1 — = 5.067 cm 2 

4 4 

/= 1000 ft 



12 in. 


2.54 cm 


_ i ft _ 


1 in. 



30,480 cm 



P2 



RA (lmQ)(5.067 cm 2 ) 



l 



30,480 cm 



1.66 x 10 7 Q-cm 



c. 



ft =L «xlOln±m , 

p x 1 CM-Q/ft 



23. 



234.5 + 10 234.5 + 80 



2Q 



R, 



(314.5X20) 

244.5 



24. 



236 + 0 236 + 100 



0.02 Q 









(0.02 Q)(336) 
236 



= 0.028 a 



25. C= -(°F- 32) = -(32-32) = 0° (=32°F) 
9 9 

c =|( 70 -32) = 2Ur (=70°F) 

234.5° + 21.11° 234.5° + 0° 

4Q _ R 2 
(234.5X4 Q) , 3>67Q 
255.61 
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26 . 



27. 



234.5 + 30 234.5-40 



0.76Q 



R 



(.94.5X0.76 ft) 
264.5 



243 + (-30) 243 + 0 



0.04 0 






(243X40 niQ) 
213 



28. a. 68°F = 20°C, 32°F = 0°C 
234.5 + 20 234.5 + 0 



0.002 



R 



(234.5X2 mfl) = , 84 ,„ n 
254.5 
212°F = 100 °C 
234.5 + 20 234.5 + 100 



2 mQ 



R 



(334.5X2 mfl) = ,„ n 

254.5 



b. 



A/? 2.63mQ-2mQ 0.63 mQ 



AT 100°C-20°C 



= 7.88 |aO/°C or 7.88 x 10 5 Q/10°C 



80° C 



29. 



a. 



b. 



234.5 + 4 234.5 + A 



1 Q 



1.10 



234.5 + 4 234.5 + L 



IQ 



0.10 



t 2 = 27.85°C 
t 2 = -210.65°C 



30. 



K = 273.15 + °C 
50 = 273.15 + °C 
°C = -223.15° 

234.5 + 20 234.5- 



■223.15 



10 O 



R 



b. 



K = 273.15 + °C 
38.65 = 273.15 + °C 
°C = -234.5° 

234.5 + 20 234.5-234.5 



10 O 



R 



11 35 

R-2 — — - — (10 Q) — 0.446 O 
254.5 



F = — °C + 32 = — (-273.15°) + 32 = -459.67° 
5 5 



^ 2 =M^=oo 

254.5 

Recall: -234.5° = 

Inferred absolute zero 

R = OO 
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31. a. « 20 = i— — ^ = = — — = 0.003929 = 0.00393 

|7’| + 20°C 234.5 + 20 254.5 

b. R = i? 20 [l + a 20 (t- 20°C)] 

10 = 0.8 Q[1 + 0.00393(* - 20°)] 

1.25 = 1 + 0.00393* -0.0786 
1.25 - 0.9214 = 0.00393* 

0.3286 = 0.00393* 

*=^^=83.61°C 

0.00393 



32. R = R 20 [\ + a 20 (t- 20 °C)] 

= 0.4 Q[l + 0.00393(16 - 20)] = 0.4 Q[l - 0.01572] = 0.39 Q 



33. Table: 1000' of #12 copper wire = 1.588 D. @ 20°C 
c °= ^ (F° - 32) = | (115 -32) = 46.1 1°C 

R = R 20 [\ + a 20 (t- 20°C)] 

= 1.588 Q[1 +0.00393(46.11 -20)] 

= 1.75 Q 



34 Ai? = Nominal ( PPM) ( AX) = ( 200 )( 65 ° - 20°) = 0.198 Q 

10 6 10 6 

R = ^nominal + AR = 22.198 Q 

35 M = -^nornmal (pp M )( AX ) = 122^. ( 100 )( 50 ° - 20°) = 0.30 Q 

R = ^nominal + A*? = 100 Q + 0.30 Q = 100.30 Q 



36. 

37. 

38. 



39. 

40. 

41. 



#12: Area = 6529 CM 

= V6529CM = 80.8 mils = 0.0808 jjtf. 

. ;®/ 2 ^-(0.205 cm) 2 ^ 2 

A = = — — = 0.033 cm 2 

4 4 

/= ^-^[0.033 y£] = 33 kA » 20 A 



2.54 cm 

L m . 



= 0.205 cm 



a. 2 times larger b. 4 times larger 

10 kT2 - 3.5 kQ = 6.5 kD 
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42. 



6.25 kO and 18.75 kO 



43. 

44. a. 560 kO + 5%, 560 kO + 28 kO, 532 kO 588 kO 

b. 220 O ± 10%, 220 O ± 22 O, 198 £2 <-» 242 O 

c. 100 O ± 20%, 100 O ± 20 O, 80 O <-» 120 O 

45. a. 120 O = Brown, Red, Brown, Silver 

b. 8.2 O = Gray, Red, Gold, Silver 

c. 6.8 kO = Blue, Gray, Red, Silver 

d. 3.3 MQ = Orange, Orange, Green, Silver 

46. 10 0± 20% =>8 0-12 O] 

> no overlap, continuance 
15 0 + 20% => 12 O -18 Oj 

47. 10 0±10%=>10 0±1 0 = 90-110 1 

> No overlap 

15 O ±10% => 15 0± 1.5 O = 13.5 0-16.5 Oj 

48. a. 621= 62 x 10*0 = 620 0 = 0.62 kO 

b. 333 = 33 x 10 3 0 = 33 kO 

c. Q2 = 3.9x 10 2 0 = 390 0 

d. C6= 1.2 x 10 6 0 = 1.2 MO 

49. a. G = — - — = 8.33 mS 

R 120 0 
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2 5 (2)1 

A 2 = l— Ai= — A u l 2 = 1-— \=-T,Pi = P\ 

J J \ J J J 



h _ _ v ^ 



^2 0 ^ 2 l . P\h^2 l { — A 

"2 , l l . 2lj 



G 2 = 5Gi = 5(100 S) = 500 S 



-50°C specific resistance = 10 5 Q-cm 
50°C specific resistance = 500 Q-cm 
200°C specific resistance = 7 Q-cm 

negative 




300 Q-cm (50*C) 



-30 Q-cm (125* C) 



lOITC 1S0*C 



AQ-cm 300-30 270 Q-cm 



125-50 



75° C 



= 3.6 Q-cm/°C 



Log scale: 10 fc => 3 kQ 

1 00 fc => 0.4 kQ 



negative 



no — log scales imply linearity 



1 kQ => s 30 fc 
1 0 kQ => = 2 fc 
A R _ lOkQ-lkQ 
A fc 30 fc - 2 fc 



= 321.43 Q/fc 



@ 0.5 mA, V = 195 V 
@ 1 mA, V = 200 V 
@ 5 mA, V = 215 V 

AKntai = 215 V - 195 V = 20 V 



and = -321.43 Q/fc 

Afc 



5 mA:0.5 mA = 10:1 

compared to 
215 V: 200 V = 1.08:1 
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Chapter 4 

1. V=IR = (2.5 A)(47 £2) = 117.5 V 



2. 




12 V 
6.8 £2 



= 1.76 A 



3. 




6 V 

1.5 mA 



= 4k£2 



4. 



5. 



6. 



/-n- 



12 V 



R 40x1 0 -3 £2 



300 A 



V= IR = (3.6 //A)(0.02 MSI) = 0.072 V = 72 mV 

4.13 mA 



/= 62 V 



R 15 k£2 



F 120 V 

7. 7?=— = = 54.55 £2 

/ 2.2 A 



0 , F 120 V A 

8 . 1 = — = = 16 mA 

R 7.5 k£2 



v 120 V 

9. 7? = — = — — — = 28.57 £2 

I 4.2 A 



10 . R 



r_ 4.5 V 
/ 125 mA 



36 £2 



F 24 mV 

11 . 7 ?=- = = 1.2 k £2 

I 20 /jA 

12. V= IR = (15 A)(0.5 £2) = 7.5 V 



13. 


F 120 V 

a. 7 ? - - - 12.63 £2 


b. 


1= IX 


60ipin 


' 60s ' 




/ 9.5 A 






l iy J 


ln^i 



W = Pt= Vlt 

= (120 V)(9.5 A)(3600 s) 

= 4.1 x 10 6 J 



14. V=IR = (2.4 //A)(3.3 MQ) = 7.92 V 

15. 
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16. 



b. (0.13 mA)(500 h) = 65 mAh 



17. 

18. 
19. 



20 . 



21 . 



22. 



23. 



24. 






420 J 



* 4 prfn 



60s 
1 njhi 



420 J 
240 s 



= 1.75 W 



W 640 J „ 

t= — = = 16 s 

P 40 J/s 



a. 8M 



60 ipifi 

IX 



60s 
_i ipX. 



= 28,800 s 



W=Pt = { 2 W)(28,000 s) = 57.6 kJ 



b. kWh = - W ^ 8 ^ = 16 x 10“ 3 kWh 



r Q 300 C 
1 = — = 



1 pain 



1000 

1 ipin 
60s . 



= 5 C/s = 5 A 



P = I Z R = (5 A) 10 Q = 250 W 

P= VI = (3 V)(1.4 A) = 4.20 W 
W 12 J 



t = 



P 4.2 W 



= 2.86 s 



25. 



26. 



27. 



48 C 



1 mfn 



=o.8 A 

min L 60 s 
P = EI = { 6 V)(0.8 A) = 4.8 W 

P = I 2 R = (7.2 mA) 2 4 kQ = 207.36 mW 






240 mW 
2.2 kQ 



= 10.44 mA 



28. 



/= J- = J-^~ = 129.10 mA 
\R \ 120 Q 

V=IR = (129.10 mA)(120 D.) = 15.49 V 
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29 . 



30. 

31. 

32. 

33. 

34. 



35. 



36. 



37. 



38. 



T E 12 V ... . 

1= — = = 2.14 mA 

R 5.6 kft 

P = I 2 R = (2. 14 mA) 2 5.6 kft = 25.65 mW 



W=P- 1 = (25.65 mW) 



m 



60 ntfn 

W 



60s 
1 njin 



92.34 J 



£ = 



/ = 



no 



P 324 W 



2.7 A 



120 V 



1 W 
4.7 Mft 



461.27 //A 



V= 4PR = V( 42 mW)(2.2 kQ) = 792.40 = 9.61 V 
P = El = (9 V)(45 mA) = 405 mW 

P_100 W 
V ~ ] 

V 120 V 



P= VI, 1= — = 

V 120 V 



= 0.833 A 



R = — = 



V= 
R = 

a. 



0.833 A 



P 450 W 



/ 3.75 A 

V 120 V 



/ 3.75 A 



= 144.06 D. 

= 120 V 
= 32 ft 



„ rT , T P 0.4 xlO -3 W ... k 

P = El and / = — = = 0.13 mA 

E 3 V 



b. Ah rating = (0.13 mA)(500 h) = 66.5 mAh 



100 W 



= V5xlO -3 = 70.71 mA 



1 \R \ 20 kft 
V= JPR = 7(100 W)(20 kft) = 1.42 kV 



a. W=Pt = 



f V 2\ 



y R y 



t = 



^12 V ^ 2 



10ft, 

b. Energy doubles, power the same 



60 s = 864 J 



24 



Chapter 4 




12 h 4 3 8 ^ 1S 
\jieek 1 jjierrtli 



[5 months] = 260 h 



k Wh = ( 23 ° W )( 260 h ) = 59.8Q kWh 



kwh= (IQOOXkWh) (1000)(12 kWh) _ Sh 

1000 P 1500 W 



kWh = ( 24 W >( 3 h > = 72 x 10~ 3 kWh 



(72 x 10" 3 kWh)(9^/kWh) = 0.65^ 



a kwh = P = (iQOOXkwh) = (1000X1200 kWh) = 12Q kW 

1000 P 10 h 



, r P 120x10 W Bn , MA 

b. /=— = =576.92 A 

E 208 V 



C. Piost = Pi -Po = Pi ~ t]P< = P,( 1 - //) = 1 20 kW( 1 - 0.82) = 21.6 kW 
- Pt _(21.6kW)(10h) _, liC1 „ 7U 



kWhi osf = 



= 216 kWh 



#kWh = 



kwh = -3. , = (kwhxiooo) = (i i.i Daooo) = 44 . 44 h 

1000 P .250 



(kWh)(1000) _ (11.11X1000) _ 232 h 
P 4800 



a. W= Pt = (60 W)(l h) = 60 Wh 



, it. „ ^ , ,/60ipin 60s | , . , ... 

b. W=Pt = ( 60 W) 1 X 7 = 216 kWs 

v L J L 1 min jj 



c. 1 kJ= 1 Ws, .'.216 kJ 



d. W= -p- - * 6 ° WX 1 h) , 60 x lr i kwh 
1000 1000 
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45. a. P = El =( 9 V)(0.455 A) = 4.1 W 

19.78 n 



b. R-*- 9V 



/ 0.455 A 

c. W=Pt = (4. 1 W)(2 1 ,600 s) = 88.56 kJ 

= 21,600 s 



46. a. 



Os 

O 

1v 


" 60s " 


luT] 


1 pain 



P = EI= (120 V)(100 A) = 12 kW 
746 W 



b. P T =5]rf 






+ 3000 W + 2400 W + 1000 W 



c. 



= 10,130 < 12,000 W (Yes) 

W=Pt = ( 10.13 kW)(2 h) = 20.26 kWh 



49. 



(860 W)(6 h) + (4800 W)(l/2 h) + (900 W) 



47. kWh = 



2() / rfnn 



1 h 



V 



60 






+ (110 W)(3.5 h) 



J) 



1000 

= 5160 Wh+ 2400 Wh + 300 Wh + 385 Wh 
1000 

(8.245 kWh)(9 0/kWh) = 74.21c 



= 8.245 kWh 



(200 W)(4 h) + (1200 W) 



48. kWh = 



2(hjrfn 



' lh ^ 



60 piin 



- (70 W)(1.5 h) + (150 W) 



130 ijiin 



f lh ^ 



V OOpfm j J 



1000 



= 800 Wh + 400 Wh + 105 Wh + 325 Wh 
1000 

(1.63 kWh)(90/kWh) = 14.67^ 



= 1.63 kWh 



77= — X 100% = 

R 



(0.5 



746 W 

¥ 



395 W 



x 100% = — x 100% = 94.43% 
395 



50. 



„_Po p _ P 0 _(1.8>JJ)(746W^ _ 

^ P, ’ ‘ 77 0.685 

„ „ P 1960.29 W t 

Pi = El, I = -£- = =16.34 A 

E 120 V 



1960.29 W 



P 746 W 746 

51. ?7 = — x 100% = x 100% = x 100% = 84.77% 

P t (4 A)(220 V) 880 
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52. a. Pi = EI= (120 V)(2.4 A) = 288 W 

Pi = P 0 + Piost, Piost = Pi - Po = 288 W - 50 W = 238 W 

P 50 W 

b. 77 % = — x 100% = X 100% = 17.36% 

/> 288 W 

53 , fl.g. & a/ - = 16 . 06 A 

77 71 E (0.76)(220 V) 



54. 



a. 



f £= (2^)(746 W^» 
77 0.9 



b. P, = EI= 1657.78 W 
(110V)/= 1657.78 W 
1657.78 W 



/ = 



110V 



15.07 A 



c. P,.^-PM<746W M . 2 13143W 
77 0.7 

P, = £7= 2131.43 W 
(110 V)/= 2131.43 W 
2131.43 W 



/ = 



110V 



19.38 A 



55. 



P .= = 

77 



(15Jj$(746W/J^) 



0.9 



= 12,433.33 W 



; -P,. 12.433.33 w ^ 5< . 52A 

E 220 V 



56. rj T = rj \ ■ rj 2 
0.75 = 0.85 x 772 

772 = 0.88 

57. rir = 77! • 772 = (0.87)(0.75) = 0.6525 => 65.25% 

58. 77! = 772 = .08 

^=(7 i)(%) = (0.8)(0.8) = 0.64 

59. ri T = 7 j \ ■ 772 = 0.72 = O.9772 

0.72 

772 = = 0.8 => 80 % 

0.9 
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60. 



a. jit= Tj t ■ r/ 2 ■ // 3 = (0.98)(0.87)(0.21) = 0.1790 => 17 . 9 % 



b. tj t = ft ■ t] 2 ■ 773 = (0.98)(0.87)(0.90) = 0.7673 => 76 . 73 % 
76.73% -17.9% 



17.9% 



x 100 % = 328 . 66 % 



Vt = = 7i ■ W -2^ = 2r/ x 

j -£-=>*- E-pME! 

2 P { ]] 2P t ]] 2(400 W) 

Tji~ 2vj\ — 2(0.4) — 0.8 
.'. r/ 2 = 40 %, r/ 2 = 80 % 
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Chapter 5 

1. a. E&n&Ri 

b. i?iand/?2 

c. E&ndR\ 

d. isandi?!, R 3 andi? 4 

2. a. R t =OA kQ + 0.39 kQ + 1.2 kQ = 1.69 kQ 

b. R t = 1.2 Q + 2.7 Q + 8.2 Q = 12.1 Q 

c. R r = 8.2 kQ + 10 kQ + 9.1 kQ +1.8 kQ + 2.7 kQ = 31.8 kQ 

d. R t = 47 Q + 820 Q + 91 Q+ 1.2 kQ = 2158.0 Q 

3. a. Rt= 1.2 kQ + 1 kQ + 2.2 kQ + 3.3 kQ = 7.7 kQ 

b. R t = 1 kQ + 2 kQ + 3 kQ + 4.7 kQ + 6.8 kQ = 17.5 kQ 

4. a. 1 MQ 

b. 100 Q, 1 kQ 

c. R t = 100 Q + 1 kQ + 1 MQ + 200 kQ = 1.2011 MQ vs. 1.2 MQ for part b. 

5. a. R t = 105 Q= 10Q + 33Q + 7?, R = 62 Q 

b. R t = 10 kQ = 2.2 kQ + 7? + 2.7 kQ + 3.3 kQ, R = 1.8 kQ 

c. R t = 138 kQ = R + 56 kQ + 22 kQ + 33 kQ, 7? = 27kQ 

d. R t = 91 kQ = 24 kQ + 7?j + 43 kQ + 2R\ = 67 kQ + 3R h R t = 8 kQ 

R 2 = 16 kQ 

6. a. 1.2 kQ 

b. 3.3 kQ + 4.3 kQ = 7.6 kQ 

c. 0 Q 

d. oo Q 




9. a. R t = 12 kQ + 4 kQ + 6 kQ = 22 kQ 
E = IR t = (4 mA)(22 kQ) = 88 V 
b. Rj = 18 Q + 14Q + 8Q + 40 Q = 80 Q 
E = IR t = (250 mA)(80 Q) = 20 V 
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10 . 



, v 5.2V 

a. I = — = = 4 A 

R 1.3Q 

b. E = IR t = (4 A)(9 Q) = 36 V 

c. Rj = 9 Q = 4.7 Q + 1 .3 Q + R, R — 3 Q 

d. F 4 . 7 n = (4 A)(4.7 Q) = 18.8 V 
Fun = (4 A)(1.3 Q) = 5.2 V 
F 3n = (4A)(3 Q) = 12 V 



7 V 6 - 6V , A 

a. 1= — = = 3 m A 

R 2.2 kQ 

b. F 3 . 3 k Q = (3 mA)(3.3 kQ) = 9.9 V 

E = 6.6 V + 9 V + 9.9 V = 25.5 V 
F 9 V 

c. R = — = = 3 kQ 

I 3mA 

d. F 2 . 2 kn = 6.6 V, F 3 kn = 9 V, F 3 . 3 tn = 9.9 V 



11. 



/ = A = 36 V = 8.18 mA, F= —is = —(36 V) = 18 V 
i? r 4.4 kQ 2 2 



12 . 



i? r = 1 kQ + 2.4 kQ + 5.6 kQ = 9 kQ 

/= — = 22-5 V = 2.5 mA, F= 2.5 mA(2.4 kQ + 5.6 kQ) = 20 V 
Rr 9kQ 



Rt — 



/ = 



T = 10 kQ + 22 kQ + 33 kQ + 10 MQ = 10.065 MQ 
E 100V = 9.94 //A 



F 



i? r 10.065 MQ 
= (9.935 //A)( 1 0 MQ) = 99.35 V 



R t = 3 kQ + 1 kQ + 2 kQ = 6 kQ 

. E 120V . 

= 20 mA 



R t 6kQ 



V, 



= (20 mA)(3 kQ) = 60 V 
V Ri = (20 mA)(l kQ) = 20 V 
(20 mA)(2 kQ) = 40 V 



F„ = 



b. P Ri = l[R [ = (20 mA) 2 • 3 kQ = 1.2 W 

P Ri = I 2 2 R 2 = (20 mA) 2 • 1 kQ = 0.4 W 

P R 3 = / 2 i? 3 = (20 mA) 2 • 2 kQ = 0.8 W 

c. P T = P Ri +P R ^ +P R} = 1.2 W + 0.4 W + 0.8 W = 2.4 W 

d. P T = £7, = (120 V)(20 mA) = 2.4 W 
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e. the same 



f. R\ - the largest 

g. dissipated 

h. R { : 2 W,i? 2 : 1/2 W,R 3 : 1 W 



13 . 



a. R t = 22Q+10Q + 47Q + 3Q = 82.0fi 



L = 



20.5 V 



R t 82.0 Q 



250 mA 



V Ri = 7i Ri = (250 mA)(22 Q) = 5.50 V 
V R2 = 1 2 Ri = (250 mA)(10 D.) = 2.50 V 
V R3 = I 3 R 3 = (250 mA)(47 Q) = 11.75 V 
Vr 4 = Aft, = (250 mA)(3 Q) = 0.75 V 



b. P R] = Z, 2 /?, = (250 mA) 2 • 22 Q = 1.38 W 

Pr 2 = I 2 2 R 2 = (250 mA) 2 • 10 Q = 625.00 mW 
P R3 = I 2 R 3 = (250 mA) 2 • 47 Q = 2.94 W 
Pr 4 = I 2 A R 4 = (250 mA) 2 • 3 D. = 187.50 mW 



c. P T = P Ri +P Ri +Pr 3 +P Ri = 1.38 W + 625.00 mW + 2.94 W+ 187.50 mW = 5.13 W 

d. P = EI S = (20.5 V)(250 mA) = 5.13 W 

e. the same 

f. 47 Q - the largest 

g. dissipated 

h. Rt. 2 W; R 2 : 1/2 W, R 3 : 5 W, R 4 : 1/2 W 

14. a. P = 21 W = (l Af-R, 7? = 21Q 

V\ = I\R\ = (1 A)(2 Q) = 2 V, V 2 = I 2 R 2 = (1 A)(l Q) = 1 V 

V 3 = I 3 R 3 = (1 A)(21 Q) = 21 V 

E=V 1 + r 2 + F 3 = 2 V + 1 V + 21 V = 24 V 

b. P = 4 W = / 2 -l Q,/= = 2 A 

P = 8 W = / 2 i? 1 = (2A) 2 i? 1 , 7?! = 2Q 

= 1 6 £2 = 2 £2 + /?2 + 1 £2 = 3 £2 + R 2 , R 2 = 13 £2 
E = IR t = (2 A)(16£2) = 32 V 
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f 



1 



A 



15. a. Rf = NR\ = 8| 28— O 

l 8 

E 120V 



R T 



225 O 



= 225 0. 

0.53 A 



b. P = I 2 R = 



V=IR = 



_8_ 

15 



W 



1 ^ f 64 Y 22V 



28- Q 
8 



2&A 



= 8 W 



225 

. s A Jhr 






= 15 V 



d. All go out! 

16. P s = P R + Pr 2 + Pr 3 

E-I = 1 2 R x + I 2 R 2 + 24 
(i?i + P 2 )7 2 -P-7 + 24 = 0 
6/ 2 - 24 7+24 = 0 

I 2 -4 7+4 = 0 

- (-4) ± V(-4) 2 - 4(1)(4) 4 + V16-16 4 

2 ( 1 ) ~ 2 ~ 2 

, 24 Q 

P = 24 W = (2 A) 2 P, P = = 6 Q 



17. a. JY, = -4V-8V+12V = 0V 

b. = -4 V - 8 V + 6 V = -6 V 

c. V a b = -10 V+18V-6V+12V = 14V 

18. a. E t = 16 V-4V-8V = 4 V,7= = 388.35 mA (CCW) 

10.3Q 

b. E t = 18 V- 12 V-4 V = 2 V,7= 2V =173.91 mA (CW) 

11.5Q 



19. 



a. 



P = 8 mW = I 2 R, R = 

E _ 20V -P 
P r 3 kfl + 2 kQ 



8 mW _ 8 mW 
7 2 "(2 mA) 2 

= 2 mA (CW), 



= 2kQ 



P=10 V 



b. 



7 = 
7 = 



16V 

2kQ 

E__ 

R t 



V 

= 8 mA ,R = — 
I 

P-4V-10V 
2kQ + 1.5kQ 



12V 
8 mA 



= 1.5kD 



P-14 V 

= 8 mA (CCW) 

3.5 kO 



E = 42 V 
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20. a. +10V + 4V-3 V- F=0 

F=14V-3 V = ll V 

b. +30 V + 20V-8V - F= 0 
F=50 V-8 V = 42 V 

c. +16 V- 10 V-4 V- F+60 V = 0 
F= 76 V - 14 V = 62 V 

21. a. +60 V- 12 V- F-20 V = 0 

F= 60 V - 32 V = 28 V 

b. +£-14V-6V-2V+18V = 0 
F = 22 V- 18 V = 4V 

22. a. +10V-F 2 = 0 

F 2 = 10 V 

+10 V-6 V - F = 0 
Fj=4V 

b. +24 V - 10 V - Fi = 0 

Fi = 14 V 

+10 V - F 2 + 8 V = 0 

F 2 = 18 V 

23. a. +20 V - Fi - 10 V - 1 V = 0, Fi = 9V 

+10 V - 2 V - F 2 = 0, F 2 = 8 V 

b. +10V-Fi + 6V-2V-3V = 0, Fi = llV 
+10 V- F 2 -3 V = 0, F 2 = 7 V 



24. 



IV 

2fi 

IV 

2Q 



50V (50VX2Q)- 

R 2 IV 

100 V (loovxin) - 

£3 IV 



25. a. 8.2 kD 

b. F 3 : F 2 = 8.2 kfi:l kQ = 8.2:1 

F 3 : Fi = 8.2 k£2:100 = 82:1 

c. Vi _ M _ = (8.2kQ)(60V) _ -2.90 V 

0.1kQ + lkQ + 8.2kQ 

d v _ (£ 2 + £ 3 )£ _ (1 kQ + 8.2 kQ)(60 V) _ g<? y 
R t 9.3 kQ 
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26 , a , y= 4 »^°V) = 20 V 
40 Q + 20 Q 



, _ (2 kQ + 3 kQ)(40 V) _ (5 kD)(40 V) _ 2Q y 

4kQ + lkQ+- 2kQ+ 3 kQ 10 kQ 

(1.5 0 + 0.6 Q + 0.9 Q)(0.72 V) (3 Q)(0.72 V) 
(2.50 + 1.50+ 0.60+ 0.90 + 0.50)" 6kQ 



27. a. 



(6 0X20 V) - 60V 
60 2Q 20 

_^_20V (4QX20V) =40y 

40 2Q ’ 20 



£■ = Fi + 20 V + F 2 = 60 V + 20 V + 40 V = 120 V 



b. 120 V - Vi - 80 V = 0, Vi = 40 V 
80 V - 10 V - F 3 = 0, F 3 = 70 V 

c 1000 V V 2 v _ 2Q(1000 V) _ 20y 
100Q 20’ 2 100 Q 

looov Vj v _ 1 ngooo v) _ 10V 

100Q IQ’ 1 100 Q 

E = V, + V 2 + 1000 V = 10 V + 20 V + 1000 V = 1030 V 
d. 16 V - Fi - 6 V = 0, 17 = 10 V 




2 V V 2 r _ 2kQ(2V) _ 1y 

ikn 2kD ’ ikn 



2 V _ v 4 y _ 3kQ(2V) _ 6 , 
lkQ 3kQ’ 4 lkQ 

2 V 

/= =2 mA 

lkQ 

£ = 2V + 4V+12V + 6V = 24V 



0.36 V 
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29. 



4 V = 



R(20V) 

2 k£2 + 6 k£2 



R = 1.6 k£2 



100 v = 



(6 £2 + R)140 V 



3 £2 + 6 £2 + R 
300 £2 + 600 £2 + 100 R = 840 £2 + 140 R 
140R - 1007? = - 840 £2 + 900 £2 
407? = 60 £2 
60 £2 



R = 



40 



1.5 £2 



30. 



a. 

b. 

c. 



4 V 



K 



_ 20 £2(4 V) = g v 



10 £2 20 £2 10 £2 
F3 = ^-Ki-F 2 = 40V-4V-8V = 28V 



4 V 28 V 



10 £2 7? 






3 



4 V 



31. 



8 V 

Rbuib 1 60 £2 



50 mA 



Rhurn = 8 V = 



_ 7? bulb (12V) 160 £2(12 V) 

160 £2 + 7?„ 



-^bulb + R.x 



7? r = 80 £2 in series with the bulb 



Fp=12V-8V = 4V, P = 



V 2 _ (4 V) 2 
R ~ 80 £2 



= 0.2 W, .-. 1/4 W okay 



32. 



Vr,+Vr 2 =72 V 

-V R + F ff = 72 V 



1 + - 



= 72 V, V R = 



72 V 

1.2 



= 60 V 



7?2 = 



Vn 



60 V 
4 mA 



= 15 k£2, 7?, = 



72V-60V 12V 



4 mA 



4 mA 



= 3 k£2 



33. Rf — R\ + 7?2 7? 3 — 27? 3 + 77? 3 + 7? 3 — 107? 3 

Vr 3 -^- 6V .K, = 2 ^ = 2 (6 V) = 12 V, = 7F X = 7(6V) = 42V 

IU/Y3 

34. a. V ru =4V Ri =4(W Ri ) = \2 V Ri 

64 V 

E=V r +3F„ + 12F„ .\7? 7 - = 7? 1 + 37? 1 + 127? 1 = 167? 1 = =6.4k£2 

fil 10mA 

R t = — kQ = 400 £2, R 2 = 37?i = 1.2 k£2, 7? 3 = 127?! = 4.8 k£2 
16 
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64 V 6 4 MQ 

b. R t = — — — = 6.4 MQ, Ri = — — — = 400 kQ, R 2 = 1.2 MQ, R 3 = 4.8 MQ 



10 juA 

/, 10 mA 

7 7_ Tom 



= 10 and — 



16 

R; _ 400 kQ _ . 



R t 400 Q 



10 also 



35. a. V a = +12 V - 8 V = 4 V 

V b = -8V 

V ab =V a -V b = 4V-(-8V) = 12V 

c. F a = +10 V + 3 V = 13 V 

F = +6 V 

v ab =v a -v b =i3v-6v = 7v 



V a = 20 V - 6 V = 14 V 

F, = +4 V 

Fj* = Fj _ F) = 14 V - 4 V = 10 V 



36. 



a. /(CW) = 



80 V - 26 V 54 V 



6 C2 + 3 Q 9Q 

V=IR = (6 A)(3 Q) = 18V 



= 6 A 



b. /(CW) = 



70 V -10 V 



10 + 20 Cl + 30 £2 

V= IR = (1 A)(10 Q) = 10 V 



60V 
60 Q 



1 A 



37. 



16V-4V 12V 

/= — — = =0.4 A (CW) 

10Q + 20Q 30 Q 

V a = 16 V - 7(10 Cl) = 16 V - (0.4 A)(10 Cl) = 16 V - 4 V = 12 V 
V\=IR = (0.4 A)(20 Cl) = 8 V 



b. / = 



12V + 10V + 8V 30V 



= 5.455 mA 



2.2kQ + 3.3kQ 5.5kQ 

V a = 12 V- 7(2.2 kQ)+ 10 V 
= 12 V - (5.455 mA)(2.2 kQ) + 10 V 
= 12 V- 12 V+ 10 V = 10 V 
F = 7(2.2 kQ) = (5.455 mA)(2.2 kQ) = 12 V 



47 V - 20 V 



27 V 



38. / = 

2kQ + 3kQ + 4kQ 9kQ 
Fkn = 6V, F 3kn = 9V, F 4kn =12V 



= 3 mA (CCW) 



a. V a = 20 V, V b = 20 V + 6 V = 26 V, V c = 20 V + 6 V + 9 V = 35 V 

Frf = -12 V, F e = 0 V 



b. F a6 = -6 V, Ffc = -47 V, V cb = 9\ 

c. V ac = -15 V, F rf6 = -47 V + 9 V = -38 V 
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39. 



**, = 



Ri = 



4V+4V 8 V 



8 D. 

= 8 V -4 V 
Ta 



= =1A,JJ, = ^- 

8Q / 



12 V -4 V 8 V 



1 A 



1A 



811, 



4 V 

Ta 



411 



40. 



V R = 48 V - 12 V = 36 V 



V D 



36V 



& = 



R 4 = 



I 


16 mA 


12 V- 


-ov = 


F «3_ 


12V 


/ 


16mA 


20 V 






20 V 



= 0.75 kft 



16mA 



= 1.25 k£2 



V B =E-V, 



fi, 'R, 



■K 



= 100 V - 36 V - 12 V - 20 V = 32 V 



R, = -^ = 



32 V 
16 mA 



= 2kQ 



41. 



44 V - 20 V 
2kQ + 4kQ + 6kQ 



24 V 
12kQ 



= 2 mA (CW) 



F 2kn = IR = (2 mA)(2 kQ) = 4 V 
F 4kQ =IR = (2 mA)(4 kQ) = 8 V 
F 6kn =IR = (2 mA)(6 kQ) = 12 V 



a. V a = 44 V, V b = 44 V - 4 V = 40 V, V c = 44 V - 4 V - 8 V = 32 V 

V d = 20 V 

b. F,„ = F 2kQ = 4 V, F C 6 = -F 4kn = -8 V 
F y/ = V 6kQ = 12 V 

c. F a rf = F a - F/ = 44 V - 20 V = 24 V 
F ca = F c -F fl = 32V-44V = -12V 



42. 



F 0 = 0 V 

F 4 = -12 V + 2 V = 0, Ft = +10 V 
F 7 = 4 V 
F 10 = 20 V 
F 23 = +6 V 
F 30 = -8 V 
F 67 = 0 V 
F 56 = -6V 



/= iL=ik 

4Q 4Q 



6 V 
4Q 



= 1.5 At 
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F 0 = 0 V, F 03 = F 0 - F 3 = 0 V, F 2 = (2 mA)(3 kQ + 1 kQ) = (2 mA)(4 kQ) = 8 V 
F 23 = F 2 - F 3 = 8 V - 0 V = 8 V, V n = 20 V - 8 V = 12 V, 

E7, = U n => /, =2 mA + 5 mA + 10 mA = 17 mA 



V l = I l R l = ( 2A)(28 Q) = 56 V 
Fi n , = 60 V - 56 V = 4 V 



v. 

r> — _ mt 
^int Y~ 



= 20 



b. FT? = ^ FfZ x 100% = 60 V 56 V x 100% = 7.14% 



, V L = 3 ' 3Q(12V > = 11.82 V 

3.3 Q + 0.05 O 



b. VR = ^ x 100% = 12V 11 - 82v x 100% = 1.52% 
F„ 11.82 V 



r 11.82 V „ A 

I S = I L = = 3.58 A 

3.3 O 

P s = EI S = (12 V)(3.58 A) = 42.96 W 
Pint = I 2 Rint = (3.58 A) 2 0.05 O = 0.64 W 



a. 1 = — = 



12V 12V 



R t 2 kQ + 8 kQ 1 0 kQ 



= 1.2 mA 



b. 1 = 



R t 10kQ + 0.25kQ 10.25 kQ 



= 1.17 mA 



c. not for most applications. 
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Chapter 6 

1. a. 7? 2 and7? 3 

b. EandR 3 

c. iJandT?! 

d. R 2 , R 3 and R 4 

e. E , 7?i, 7? 2 , ^ 3 , and R 4 

f. E, R h R 2 , andi? 3 

g. R 2 and 7? 3 

2. a. 7? 3 and R 4 , 7? 5 and 7? 6 
b. ^andT?! 






/\ / — 



9.1 n+18 n 
1 

~i i r 

- + + - 



1 X 10 3 S + 0.5 X 10^ 3 S + 0.333 x 10 3 S 



1 kn 2 kn 3 kn 
1 



1.833xlO _3 S 



= 545.55 Q. 



R / — 



1 



1 



1 1 1 

- + + - 



10x10 3 S + lxl0 3 S + 0.1xl0 3 S I! 



100 £2 lkn 10 kn 

= 90.09 Q. 



R' r = - 6 k£2 

* r = ( 6 MX 6 MQ) =5j)9kn 
6 kn + 6 MH 



, 22 n 10 Q 

e. R' t = =5.5 Q,R t „ = =5Q 






Rt — 



5.5Q + 5Q 
1 



1 1 1 

- + + - 



1000 x 10“ 3 S + 1 x 10“ 3 S + 0.001 X 10 _3 S 



Rt — 



in 1 kn 1 mo 
1 = 

1001.001xl0 _3 S 

1 

“i i r 

- + + - 



0.99 n 



1 xlO“ 3 S + 0.833 xlO“ 3 S + 3.333 xlO -3 



ikn 1.2 kn 0.3 kn 

J = 193.57 n 



5.166xlO“ 3 S 



1 

.1x10 3 S 
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1111 
ikfi 1.2kQ + 2.2kQ + IkO 



1 x 10 3 S + 0.833 x 10 3 S + 0.455 x 10" 3 S + 1 x 10 3 S 



3.288x10 3 S 



= 304.14 Q 



= 3Q||6Q = 2Q 

= L6n =cim, R = sn 

m + R 



= 2k Q 



-= 1.8 kQ = 



(2 kQ)(7?) 
2 kQ + R 



r = is m 



iok Q - (20kn )W s = 20kQ 

20 k Q + R 



= 628.93 Q = 



.1.32 x 10" 



1 j_ 1 
1.2 kO R 2.2 kQ 
628.93 Q . 



833.33 xlO~ 3 S +— + 454.55 xlO" 3 S 



628.93 Q 
1-811.32x10" 



= 3.3 kQ 



R' = Rl \\R 2 =?L,R 3 =j- 



R t — 1.6kfl = 



*iY*i 



R' + R, 






= -k R x = 4(1.6 kQ) = 6.4 kQ = i? 2 



1.2 kQ 
about 1 kQ 



p 6.4 kQ 

i? 3 = = 3.2 kQ 

2 



1.2 kQ + 22 kQ + 220 kQ + 2.2 MQ 



833.333 x 10" 6 S + 45.455 x 10” 6 S + 4.545 x 10" 6 S + 0.455 x 10~ 6 S 



= — = 1.131 kQ 

883.788xl0“ 6 S 

220 kQ, 2.2 MQ: R r = ( k2kQ X 22kQ ) = 1>138 ^ 

1 .2 kQ + 22 kQ 

Rt reduced. 



40 



Chapter 6 




7. a. R,- VmW.ua 
2 0 + 80 

b. oo O 

c. oo O 

, „ 1 1 1 

d. Rt : : : — — — 

+ + 0.25 S + 0.50 S + 0.10S 0.85 S 

4 0 2 0 10 O 



„ 11 1 1 

8 . — — 1 1 

R * R. R 1 R 



1 



_ 1 1 ! 1 _ 



20 O R { 5 R { R 
2 

and Ri = 3.2(20 0) = 64 0 

R 2 = 5 Ri = 5(64 O) = 320 O 

„ 1 „ 64 O 

R-. R, = — 32 O 

2 2 



’ 1 ’ 


l 


’ 1 " 




’ 1 ’ 




’ 1 ’ 




+— 




+ 2 




= 3.2 




A. 


5 


A. 




A _ 




A _ 



24 0 || 24 0= 12 0 

1 1 

- + - 



R t ~ R x 12 0 120 O 

0.1 S = — + 0.08333 S + 0.00833 S 

0.1 S= — +0.09167 S 

R 

— = 0.1 S - 0.09167 S = 0.00833 S 

R 



7?, = 



1 



0.00833 S 



120 0 



10 . 



a. 

b. 

c. 



(8 0X24 0) 
80 + 24 0 
v* =V R? = 36 V 



1 = 



R T 



4 = 



h = 



36 V 
60 

36 V 
80 

A 36 V 
R , _ 24 0 



R, 



= 6 A 
= 4.5 A 
= 1.5 A 



4 = 4 + h 

6 A = 4.5 A + 1.5 A = 6 A (checks) 



1.18 0 
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11 . 



a. Rt = 



3Q + 9Q + 36Q 



0.333 S + 0. 1 1 1 S + 0.028 S 



= 2.12 ft 



b. V„ 



472x10 S 

= V R =V„ = 18 V 



c. L = — = - 



= 8.5 A 



R t 2.12 Q 

V„ 18 V Vr 18 V V R 18 V 

-^ = -R— = 6 A, I 2 = — = — — = 2 A, I =-*- = — - = 0.5 A 

R { 3Q R 2 9Q R 3 36 Q 



d. 4 = 8.5 A = 6 A + 2 A + 0.5 A = 8.5 A (checks) 



a. Rt — 



1 1 1 
10kC2 + 1.2kQ + 6.8kC2 



100 x 10“ 6 S + 833.333 x 10“ 6 S + 147.059 x 10 _6 S 



1.080x10“ 3 S 

= Vr, = 24 V 



= 925.93 Q 



c. L = 



= 25.92 mA 



R t 925.93 Q 

R, 10 kQ 2 R 1 



= 20 mA, 



= 3.53 mA 



3 R 3 6.8 kn 

d. I T = 25.92 mA = 2.4 mA + 20 mA + 3.53 mA = 25.93 mA (checks) 



a. Rt = 1 



1111 
10kQ + 22kC2 + 1.2kQ + 56kC2 



100 x 10~ 6 S + 45.46 x 10~ 6 S + 833.333 x 10" 6 S + 17.86 x 10~ 6 S 



996.65x10 6 S 
/ 3 the most, / 4 the least 



1.003 kQ, very close 



/„ =-^ = = 4.4 mA, /„ = -Hz- = 



R 10 kQ 



R 2 22 kQ 



= 2 mA 



I R = — = = 36.67 mA, /„ = = 



R a 56 kn 



= 0.79 mA 



42 



Chapter 6 




E 44 V 

e. 4= — = = 43.87 mA 

R t 1.003 kQ 

4 = 43.87 mA = 4.4 mA + 2 mA + 36.67 mA + 0.79 mA = 43.86 mA (checks) 

f. always greater 

14. 



15. Ry = 3 Q || 6D. = 2Q,R t = R' t || R 3 = 2 Q || 2 Q = 1 Q 
E 12V 



4 = /' = 



Rr 



IQ 



12 A 



r E 12V . . 

I„ = — = = 4 A 

1 R l 3 Q 

/" = /'- I„ = 12 A-4 A = 8 A 



V =E=U\ 



16. 



j _ (20Q)(10.8A) _ 9A 
20Q + 4Q 

E=V R} = I 3 R 3 = (9 A)(4 Q) = 36 V 
I R =12.3 A -10.8 A =1.5 A 



i?, = 



V„ 



36 V 
1.5 A 



24 a 



17. a. R t = 29Q. || 5 Q = 4H 

A= 30V^sa 



CDR: 4 



R t 4Q 

5 = -(7.5 A) = 1.5 A 

5Q + 20Q 5 



b. 10kO|| 10kQ = 5kQ 

R t = 1 kQ || 5 kQ = 0.833 kQ 
E 8 V 



4 = 



R t 0.833 kQ 



9.6 mA 



R' t = 10 kQ || 1 kQ = 0.9091 kQ 



4 = 






(0.9091 kQ)(9.6 mA) 8.727 mA 



Rj* +10 kQ 



0.9091 kQ + 10kQ 



10.9091 



0.8 mA 



18. 



a. 

b. 

c. 



, 24V - 8 V 16 V „ t 

/= = = 4 mA 

4 kQ 4 kQ 

V= 24 V 

24 V 24 V 

4 = + 4 mA + = 2.4 mA + 4 mA + 12 mA = 18.4 mA 



10 kQ 



2 kQ 
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a. R t = 



lk£2 + 33k£2 + 8.2k£2 



lOOOx 10 6 S + 30.303 x 10" 6 S + 121.951 x 10~ 6 S 



1.152x10” 3 S 




_ 100V 


Ri 


~ lk£2 


A 


_ 100 V 


R 3 


~ 8.2 k£2 



= 867.86 £2 
= 100 mA, = 

= 12.2 mA 



V Rl 100 V 
R 2 - 33 k£2 



= 3.03 mA 



b. P R = V Ri -I Ri = (100 V)(100 mA) = 10 W 
P Ri = V Ri -I Ri = (100 V)(3.03 mA) = 0.30 W 
P R} = V R} -I R: = (100 V)(12.2 mA) = 1.22 W 



c. L = — = ■ 



100 V 



R t 867.86 £2 



= 115.23 mA 



P s = E S I S = (100 V)(l 15.23 mA) = 11.52 W 

d. P s = 11.52 W = 10 W + 0.30 W + 1.22 W = 11.52 W (checks) 

e. Ri = the smallest parallel resistor 



a. /hiiih 



120 V 

1.8 kn 



= 66.667 mA 



b. R T = —= L8kD = 225 £2 

N 8 

c. 4 = — = = 0.533 A 

R t 225 £2 

d. = 

R 1.8 kQ 

e. P s = 8(8 W) = 64 W 

f. none, 4 drops by 66.667 mA 



1 1 1 
5 £2 10 £2 20 £2 



1 200xl0~ 3 S + 100xl0" 3 S + 50xl0“ 3 S 



= = 2.86 £2 

350x10' 3 S 

4-A.J51L. 20.98 A 
R r 2.86 £2 

P = E • 4 = (60 V)(20.98 A) = 1.26 kW 
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25. a. 9 A + 2 A + 7, = 12 A, 7i = 12A-llA = lA 

/ 2 + 1 A = 1 A + 3 A, 7 2 = 4A-1A = 3A 

b. 6A = 2 A + 7, 7, = 6A-2A = 4A 

4 A + 5 A = h, I 2 = 9 A 

9 A = 7 3 + 3 A, 7 3 = 9A-3A = 6A 

3 A + 10A = 7 4 , 7 4 = 13 A 



26. a. 7i + 5 mA = 8 mA, 7 3 = 3 mA 

5 mA = I 2 + 3.5 mA, I 2 = 1.5 mA 

7i = 3 mA = 7 3 + 1 mA, 7 3 = 2 mA 

7 4 = 5 mA 

b. 7 3 = 1 .5 /jA + 0.5 /jA = 2.0 juA 

6 juA = I 2 + 7 3 = 7 2 + 2 //A, I 2 = 4 juA 

I 2 + 1 .5 juA = I 4 , 7 4 = 4 //A + 1 .5 //A = 5.5 /jA 

7| = 6 //A 
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I R = 5 mA - 2 mA = 3 mA 
E = V R = (3 mA)(4 k£2) = 12 V 



(9 mA - 5 mA) 4 mA 



= 3kQ 



= — = = 6 kQ 

I R} 2 mA 

„ E 12 V , _ . _ 

R / — — — — 1,33 kO 

I T 9 mA 



R] = RJll= 5n 

/j 2 A 

I 2 = I-I i = 3 A-2A = 1 A 

R .L.^L. na 



E = I\R\ = (2 A)(6 Q) = 12 V 
, _ E 12V _ 

R 2 9Q 

/3= P = 12W =1a 

V 12V 

„ E 12V 

/? ; = 12 Q 



I = L +/, + /, = 2 A+ 1.33A+ 1 A = 4.33 A 



, 64V . 

7i = = 64 mA 

ikn 

, 64V . 

/ 3 = = 16 mA 

4kn 

I s = Ii+I 2 + h 

I 2 = I s ~ h~ h = 100 mA - 64 mA - 16 mA = 20 mA 

R = 64 V 



= 3.2 kQ 



1 2 20 mA 

/ = I 2 + h = 20 mA + 1 6 mA = 36 mA 
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P = => v x = = V( 30 W)( 30 Q) = 30 V 

R \ 

E = F[ = 30 V 
j E 30 V 
rt, 30 Q 

Because rt 3 = rt 2 , 7 3 = 7 2 , and I s = I\+ 1 2 + h= I\ + 2 / 2 

2 A = 1 A + 2/ 2 

h = ^-(1 A) =0.5 A 

7 3 = 0.5 A 

rt 2 =rt 3 = — = -^- = 60 Q 
/, 0.5 A 



29. 



30. 



h = 



h = 



-^-7, = -7, = 2 A 
12 Q 3 



4Q 

2Q 



7, = 2^ = 12 A 



P* =I 2 2 R 2 = (0.5 A) 2 • 60 Q = 15 W 



t _4Q 1 , _ ft , . 

40 Q 1 10 

/r = A + / 2 + / 3 + 7t = 6 A + 2 A + 12 A + 0.6 A = 20.6 A 
_ 8kQ(20mA) _ 



a. 



7, = 



2 kQ + 8 kQ 



16 mA 



7 2 = 20 mA - 16 mA = 4 mA 



b. Rt — 



1 



1 1 1 

- + + - 



454.55 x 10 _6 S + 833.33 x 10~ 6 



2.2 kQ 1.2 kQ 0.2 kQ 
1 159.03 Q 



6,288x10 6 S 



R t 

I x = — 7 . 
R r 



T 159.03 Q . . . „ n , 

7i = — (18 mA) = 1.30 mA 



h = 



2.2 kQ 
159.03 q 

1.2 kQ 



(18 mA) = 2.39 mA 



r 159.03 Q .. .... 4 

7 3 = (18 mA) = 14.31 mA 

0.2 kQ 

I 4 = 18 mA 



S + 5000xl0 6 S 
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1 



1 



C. Rt — 



1 1 1 
■ + + 



250x10 3 S + 125x10 J S + 83.333xlO 'S 



-3 c 



4 3 C 



4 D. 8Q 12Q 
1 



458.333x10 

T - J J _ 



-3 



= 2.180 



A = 
A = 



2.180 
4 O 
2.180 
80 
2.180 
120 



(6 A) = 3.27 A 
(6 A) = 1.64 A 
(6 A) = 1.09 A 



7 4 = 6 A 



d. 7,-/,- 2 ° a(<>A) - 6 A 
20 0 + 100 

7 3 = 9A-/ 1 = 9A-6A = 3A 
A = 9A 



31. a. 7! = — (10 A) = 9 A 
10 

b. h/I 2 = 10 0/1 0= 10, 



e. 



T - 1 

A 



9 A 



0.9 A 



10 10 

c. A/A = 1 kO/1 O = 1000, 7 3 = A/1000 = 9 A/1000 s 9 mA 

d. 7|/7 4 = 100 kO/1 O = 100,000, 7 4 = A/100,000 = 9 A/100,000 = 90 //A 



very little effect, 1/100,000 
f. R t = 1 



111 1 

+ + + - 



IQ 10 Q lkQ 100 kQ 

1 

lS + 0.1S + lxl0 _3 S + lOxlO -6 S 

1 = 0.91 Q 



1.10 s 

A = Y 1 ’ 7l = ( 10 A ) = 91 A excellent (9 A) 



g. 7 2 = ^ (10 A) = 0.91 A excellent (0.9 A) 

100 

0.91 D. 

1 kQ 

0.91 fl 
lOOkQ 



h. A = 



i. A = 



(10 A) = 9.1 mA excellent (9 mA) 
(10 A) = 91 juA excellent (90 //A) 
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32 . 



2 Cl I 

CDR: I m = = 1 A 

2CI + 6CI 

1A(8£1) _ 4A = / 
2D 

/, =/- 1 A = 3 A 



h= 1=1 juA 
By inspection: 7 2 = 2 //A 

A = 7- 2(2 //A) = 7 //A - 4 //A = 3 
F fi = (2 //A)(9 C2)= 18//V 



18 AV 



= 6Q 



7? = 3(2 kC2) = 6 k£2 

7 6 kO(32 mA) 4 

7i = = 24 mA 

6 k£2 + 2 kQ 



24 mA 



= 8 mA 



84 mA = /, + 1 2 + / 3 = A + 27, + 27 2 = 7, + 27, + 2(270 
84 mA = 7, + 27, + 47, = 77, 

, T 84 mA 

sn d /) — — 12 mA 

7 

I 2 = 2I\ = 2(12 mA) = 24 mA 
7 3 = 27 2 = 2(24 mA) = 48 mA 



Vr, 24 V 



h 


12 mA 




24 V 


p 


_ 24 mA 




24 V 


p 


48 mA 



= 2kQ 



= 1 kQ 



= 0.5 kD 



Pl = VJ L 

72 W= 12 V-7 l 
, 72 W .. 

4_ W 6A 

h=h= =3A 

2 2 

7* source = El = (12 V)(3 A) = 36 W 

P S[ +P Si = 36 W + 36 W = 72 W (the same) 

7 drain = 6 A (twice as much) 
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36. 



7? r = 8 0|| 560 = 7 0 

h = h= — = 1.71 a 

R t 7 0 

h = ^-/ 2 = -^-(1.71 A) =0.86 A 



16 V 

37. / 8n = =2 A, 7= 5 A - 2 A = 3 A 

8 C2 

7« = 5A + 3A = 8A, R=^- = =20 

7* 8 A 



38. 



a. 

b. 

c. 



7 = 



12 V 



12 V 



R t 0.1 kO + 10 kO 



10.1 kO 

V l = I s R l = (1.19 mA)(10 kO) = 11.90 V 



1.188 mA 



4 = 



12 V 
100 O 



120 mA 



V, = E = 12 V 



39. 



a. 

b. 

c. 



V, 



4.7kO(9V) _ 42.3 V _ 



4.7 kO + 2.2 kO 
V l = E = 9 V 
V l = E = 9 V 



6.9 



6.13 V 



20 V 

40. a. h = = 5 A, I 2 = 0 A 

40 

b. V\ = 0 V, V 2 = 20 V 

c. 4 = /i = 5 A 



41. 



b. 



c. 



d: 



V,= 



22 kQ(20 V) 
22 kO + 4.7 kO 



16.48 V 



R' t = 11 MO || 22 kO = 21.956 kO 



V 2 



21.956 kO(20V) 

~ 21.956 kO + 4.7 kO 



16.47 V (very close to ideal) 



R m = 20 V[20,000 O/V] = 400 kO 
100 kO || 22 kO = 

20.853 kO(20V) 



R' r = 400 kO || 22 kO = 20.853 kO 



V 2 = 



a. 



b. 



20.853 kO + 4.7 kO 
200 kO(20 V) 



V 2 = 



200k0 + 100 kO 



R' t = 200 kO || 11 MO = 196.429 kO 



= 16.32 V (still very close to ideal) 

= 13.33 V 



Vo 



= (196.429 kO)(2Q V) = 
_ 196.429 kO + 100 kO ~ 



13.25 V (very close to ideal) 
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c. R m = 400 kQ 

R' t = 400 kQ || 200 kQ = 133.333 kQ 

T , (133.333 kQ)(20V) „ ,, A ^, „ 

V 2 = = 11.43 V (a 1 .824 V drop from R uU = 1 1 MQ level) 

133.333 kQ + 100 kQ 

e. DMM level of 1 1 MQ not a problem for most situations 
VOM level of 400 kQ can be a problem for some situations. 



42 . 



a. V ab = 20\ 



b. 



1 1 MQ(20 V) 
11MQ + 1MQ 



= 18.33 V 



c. R m = 200 V[20,000 Q/V] = 4 MQ 

V a h = — — = 16.0 V (significant drop from ideal) 

4 MQ + 1 MQ 

R m = 20 V[20,000 Q/V] = 400 kQ 
TA 400 kQ(20 V) 

V a b = = 5.71 V (significant error) 

400 kQ + 1 MQ 



43. not operating properly, 6 kQ not connected at both ends 
6 V 

R t = = 1.71 kQ 

3.5 mA 

R t =3 kQ || 4 kQ =1.71 kQ 



44. 



V ab — E + 14 kn • R 4 kn 

12V-4V 

74kn 



8 V 



= 1.6 mA 



1 kQ + 4 kQ 5kQ 
Vab = 4 V + (1.6 mA)(4 kQ) = 4 V + 6.4 V = 10.4 V 
4 V supply connected in reverse so that 



12V + 4V _ 16V 
1 kQ + 4 kQ ” 5kQ 
and V ab = 12 V - (3.2 mA)(l 



= 3.2 mA 

kQ) = 12 V - 3.2 V = 8.8 V obtained 
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a. E and R\ in series; R 2 , R 3 and 7? 4 in parallel 

b. E and in series; R 2 , i? 3 and 7? 4 in parallel 

c. and R 2 in series; E , 7? 3 and 7? 4 in parallel 

d. E and in series, 7? 4 and in series; R 2 and 7? 3 in parallel 

e. E and R x in series, R 2 and R 2 in parallel 

f. E , and 7? 4 in parallel; R 6 and in series; R 2 and 7? 5 in parallel 

a. R t = 4Q+10Q + 4Q = 18Q 

b. R r = 10 Q+ = 10Q + 5Q = 15£2 

2 

c. R t = 4 D || (4 D + 4 Q) + 10 D = 4 D || 8 D + 10 D = 2.67 D + 10 D = 12.67 D 

d. 74=10Q 



yes 

4 = 4-4 = 10 A-4 A = 6 A 
yes 

F 3 = 4 - F> = 14V-8V = 6V 

R!p = 4 D || 2 D = 1.33 D , 7?" = 4 D || 6 D = 2.4 Q 

R t = R' t +Rt = 1.33 Q + 2.4 Q = 3.73 £2 
R' t =R”= = 10Q,7? r = 74+7?" = 10Q+ 10Q = 20Q 

A = 20V =1a 



7? r 20 D 

Ps — EI S — P absorb 



(20 V)(l A) = 20 W 



R't — P 3 1 1 ^4 — 



= 6 D, R” = R 2 II 7?' = — = 3 D 

2 T T 2 



Rt — R\ + 7?" — 4 £2 + 3 £2 — 7 fi 

r E 14V 1t 1, 2A fl 

4 = — = = 2 A, 4 = —4 = — = 1 A 

R r ID. 2 5 2 



4 = — = 0.5 A 

2 

4 = 1 A 



F 2 = 474 = (1 A)(6 £2) = 6 V 
F 4 = V 2 = 6 V 



4 = 7?! || 74 = 10 Q || 15 0 = 60 

7? r = T? 7 || (7? 3 + 7? 4 ) = 6 £2 || (10 £2 + 2 D) = 6 £2 || 12 £2 = 4 D 



-r~ = 9A, /,-A 



= 6 A 



74+74 10£2 + 2£2 12£2 
F 4 = 4 7? 4 = I 2 R 4 = (3 A)(2 Q) = 6V 



= 3 A 
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R t = 1.2 kQ + 6.8 kQ = 8 kQ, R" = 2 kQ || R? = 2 kQ || 8 kQ = 1.6 kQ 
R'”= R” + 2.4 kQ =1.6 kQ + 2.4 kQ = 4 kQ 
Rt = 1 kQ II R”' = 1 kQ || 4 kQ = 0.8 kQ 



L-±- 



R t 0.8 kQ 



= 60 niA 



R£E _ (1.6kQ)(48 V) 
i?;' + 2.4kQ ” 1.6kQ + 2.4kQ 



= 19.2 V 



Rr=(Rl 11^2 11 ^ 3 ) 11(^6 + ^4 11 ^ 5 ) 

= (12 kQ || 12 kQ || 3 kQ) || (10.4 kQ + 9 kQ || 6 kQ) 
= (6 kQ || 3 kQ) || (10.4 kQ + 3.6 kQ) 

= 2 kQ || 14 kQ = 1.75 kQ 



R t 1.75 kQ 



= 16 niA. I 2 = 



R 2 12 kQ 



= 2.33 niA 



R' =Ri || i?2 || = 2 kQ 

R" = R 6 + R 4 1| R 5 = 14 kQ 
*X^ = 2kn(l«mA) 

R' + R” 2kQ + 14kQ 
Vi = E = 28 V 

R' = R 4 || R 5 = 6 kQ || 9 kQ = 3.6 kQ 
V 5 = I 6 R'= (2 mA)(3.6 kQ) = 7.2 V 

P = — = = 26i.33 m W 



R' = R a || R 5 1| (i? 7 + R») = 4 Q || 8 Q || (6 Q + 2 Q) = 4 Q || 8 Q || 8 Q 
= 4Q||4Q = 2Q 

R" = (Rj + R ' ) || (R 6 + R 9 ) = (8 Q + 2 Q) || (6 Q + 4 Q) 

= 10 Q || 10Q = 5Q 

Rt = Ri II (R 2 +R" ) = 10 Q || (5 Q + 5 Q) = 10 Q || 10 Q = 5 Q 
/=A = 80 V =16A 



I D =- = 



I 16 A 



= 8 A 



T T ^ A- 

h = la = = 4 A 

2 



(* 4 IIW 3 ) 

(^ 4 ||^ 5 ) + (i? v +^ 8 ) 
(4Q||8Q)(4 A) 

’ (4 Q || 8 Q) + (6 Q + 2 Q) 
_ (2.67)(4 A) , . 



2.67 Q + 8 Q 



= 1 A 
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d. 



—IsRs — V x + I 9 R 9 — 0 

V x = I 9 R 9 -I s R s = (4 A)(4fl)-(1 A)(2 O) = 16 V - 2 V = 14 V 



9 . 7,Jma 

50 

R t = 16 0 II 25 0 = 9.756 0 



h = 



7 V 



9.7560 



= 0.72 A 



10. a, b. /! = ^ = 6A4,/ 3 = — = 0.8At 



h = 



40 IOO 

24V + 8V 32V 



16 A 



20 20 
/ = /i +/ 2 = 6 A+ 16 A= 22 A 1 



11 . 



R' — R 4 + R$ — 140 + 60 — 20 O 
R" = R 2 || R' = 20 O || 20 O = 10 O 
R"' = R" + R l = 10 0+ 10 0 = 200 
R t = R 3 || iT = 5 0 || 20 0 = 4 0 
A= 20 V =5A 
Rt 40 

7 = 20 V _ 20 V _ 20 V 

1 ~~ R^+R" 100 + 100 200 

, 20V A A 

L = = 4 A 

5 0 



= 1 A 



1A 



I 4 = — = (since R' = R 2 ) = — = 0.5 A 



b. V a = / 3 i? 3 - I 4 R 5 = (4 A)(5 O) - (0.5 A)(6 O) = 20 V - 3 V = 17 V 
\r 2 = (0.5 A)(20 O) = 10V 



y bc = 






v 2 j 



12 . 



a. 



h = 



20 V 



R x +R 4 ||(i? 2 +i? 3 \\R 5 ) 30 + 3 0 1| (30 + 60 1| 60) 

= 20V 20V _ 20V 

30 + 30||(30 + 30) 30 + 30||60 30 + 20 

= 4 A 
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b. 



CDR- 7 = Ml 3ft(4A) 

2 R 4 + R 2 +R i \\R 5 3ft + 3ft + 6ft||6ft 



12 A 
6 + 3 

k 

2 



= 1.33 A 



/■?= — = 0.67 A 



c. 7 4 = /i-/ 2 = 4A- 1.33 A = 2.67 A 

= / 4 i? 4 = (2.67 A)(3 H) = 8V 
= / 3 i? 3 = (0.67 A)(6 ft) = 4 V 

, „ r V F 2 V „ . 

13. a. I E = — — = 2 niA 

R e lkft 

I C = I E = 2 mA 



/« = 



r cc -(V BE + V E )_8V-(0.7V + 2V) 



Rn 



R b 



220 k ft 



8 V -2.7 V 5.3V 



220 kft 220 kft 



= 24fiA 



c. V b =Vbe+ V e = 2.7V 

V c = V cc ~ I C R C = 8 V - (2 mA)(2.2 kft) = 8 V - 4.4 V = 3.6 V 

d. V CE = V c - V E = 3.6 V - 2 V = 1.6 V 
V BC = Vb~ Vc = 2.7 V - 3.6 V = -0.9 V 



14. 



a. 



7(7 = 0 .'. V G = 



270kft(16 V) 



= 1.9 V 



270 kft + 2000 kft 

V G -V GS -V S = 0 

Vs= Vo-V GS = 1.9 V- (-1.75 V) = 3.65 V 



b. 7, =7 2 = 



16 v , nc * 
= 7.05 iiA 

270 kft + 2000 kft 

, V S _3.65V 

b-h- 7 + 7 + 



c. y ns — Von ~ IdRd ~ IsRs ~ Von — h)(Rn + Rs) since I o — Is 

= 16 V - (2.43 mA)(4 kft) = 16 V - 9.72 V = 6.28 V 

d. Vod — IdRd — Vdg — V G = 0 
V do = Voo — I e Rd ~ V G 

= 16 V - (2.43 mA)(2.5 kft) - 1.9 V = 16 V - 6.08 V - 1.9 V = 8.02 V 
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15. a. 



Network redrawn: 



100 0 + 220 0 = 320 0 
400 O || 600 O = 240 O 
400 0 ||220O= 141.94 0 
240 0+ 141.94 0 = 381.94 0 




R t = 320 O || 381.94 O = 174.12 O 



b. 



141.940(32 V) y 

141.94 0 + 240 0 



c. Fi = 32 V - F 0 = 32 V- 11.89 V= 20.11V 



d. Vi=V a = 11.89 V 



e. 



, 20.11V „„ M . 

hoon . _ _ _ 33.52 mA 



I non — 



600 0 
11.89V 



= 54.05 mA 



220 0 
/ + /goon = him 
I = ham — ham 
= 54.05 mA -33.52 mA 

= 20.53 mA — > 



16. 



a. / = 



9 V 



R 2 + 



7 0 + 80 



0.6 A 



Vi = Ei + E 2 = 9 V + 19 V = 28 V 
17. a. "shorted out" 

R' = Rl ^4 || ^5 ^6 || h-j 

= 10 0 + 60 || 60 + 60 || 30 
= 10 0 + 30 + 20 
= 15 O 



Rt — ^1 Ri || R r 

= 100 + 30 0 ||150=100+100 
= 20 0 



/=J E = 100V =5A 
R t 20 0 

jTO =(15QX5A) =1<67A 
R' + R 2 150 + 300 
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4=7-4 = 5 A - 1- A = 3-A 



7 _ Rih _ 

6 * 7+*6 

/ 8 = 0A 



3Q| — 
3 



J _ 



3 £2 + 6 £2 



1.11 A 



b. V 4 = I 3 (R 4 \\R 5 ) = 
f 8 = o V 



— A 
3 , 



(3 £2) = 10 V 



18. 8 £2 || 8 Q — 4 £2 

r 30 V 30 V 

I = = 3 A 

4£2 + 6£2 10^ 

V= /( 8 £2 || 8 £2) = (3 A)(4 £2) = 12 V 

19. a. All resistors in parallel (between terminals a & b) 




i?r=16Q|| 16 £2 || 8 Q ||4£2 ||32£2 



8 £2 || 8 £2 | 4 Q || 32 Q 

V V ' 

4 £2 || 4 £2 || 32 £2 

v v J 

2 Q || 32 £2 = 1.88 £2 

b. All in parallel. Therefore, V\ = V 4 = E = 32 V 

c. h = fVf? 3 = 32 V/4 £2 = 8 A <— 

d. 4 = h + h + h + h + 4 

= 32 V 32 V | 32 V 32 V 32 V 

” 16Q 8 £2 4 £2 32 £2 16Q 

=2A+4A+8 A+ 1 A+2A 
= 17 A 

R t = — = FrX = 1.88 £2 as above 
4 17 A 
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20 . 



a. 



22 . 




f / KVL: +6 V - 20 V + V ah = 0 

V ab = +20 V - 6 V = 14 V 



2Q 2Q 
3Q 

I' + ^3Q = ^2Q 

and I' = I 2 n - l 3 n = 7 A - 2 A = 5 A 
I = r + I 5Q = 5A + 4A = 9A 

21 . a. Applying Kirchoff s voltage law in the CCW direction in the upper ’’window”: 

+18V + 20V - Vgn = 0 

V m = 38 V 
38V 



AlQ = 



8Q 
18V 



= 4.75 A 
18V 



= 2 A 



3Q + 672 9 Cl 

KCL: / 18V = 4.75 A + 2 A = 6.75 A 
b. V= (I 3Q )(6 Q) + 20 V = (2 A)(6 Q) + 20 V = 12 V + 20 V = 32 V 

I-iR-, 2 R-i R-> 

I 2 R 2 = I 3 R 3 and I 2 = - = (since the voltage across parallel elements is the same) 



R, 



20 10 



I\- 1 2 + 1 3 — + 2 

10 



KVL: 120 = I\\2 + I 3 R 3 = 



R, 



\ 



12 + 2R 3 



— + 2 
V 10 j 

and 120= 1.27?3 + 24 + 27?3 
3.27?3 = 96 Cl 

R 3 = = 30 Cl 

3.2 
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23. Assuming I s = 1 A, the current I s will divide as determined by the load appearing in each 
branch. Since balanced I s will split equally between all three branches. 




V x = 
V 2 = 
v 3 = 



1a 

V3 , 



A 

j 

r-i ^ 



(ion) = ^v 

(10Q) = y V 

(iofi)=-y v 



10 



10 



10 



E=Vi + V 2+F 3 =— V + — V + — V 
3 6 3 

^ = M^= 8 .33Q 
I 1A 



= 8.33 V 



24. 



36 kQ || 6kQ || 12kQ = 3.6kQ 

V= 3-6kQ(45 V) _ j ^ gg y ^ 27 V. Therefore, not operating properly! 
3.6 k£2 + 6 k£2 



6 k£2 resistor "open" 

R' = 12 k£2 || 36 k£2 = 9 k£2, V= 



R'( 45 V) 
R' + 6 kQ 



9kQ(45V) _ 2?v 
9 k£2 + 6 k£2 



25. 



a. 



R' t = R s || (i? 6 + i? 7 ) = 6 £2 || 3 £2 = 2 £2 

R"t = R 3 || (R 4 + R' t ) = 4D. || (2 £2 + 2 £2) = 2 £2 

Rt = R i + i?2 + i? / 7’ = 3£2 + 5£2 + 2£2=10£2 



240 V 
10Q 



= 24 A 



b. 



h 

h 



4Q(/) 4Q(24A) _ 12A 

4 £2 + 4 £2 8 £2 

6 £2(12 A) 72 A 
6£2 + 3£2 ~~ 9 
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c. V 3 = I 3 R 3 = (/- I 4 )R 3 = (24 A - 12 A)4 0 = 48 V 
F 5 = I 5 R 5 = (I 4 ~ h)Ri = (4 A)6 O = 24 V 

V-, = / 7 P 7 = (8 A)2 O = 16 V 

d. P = / 7 P 7 = (8 A) 2 2 O = 128 W 

P = El = (240 V)(24 A) = 5760 W 

26. a. R' T = R 4 || (Re + Rj + R%) = 2 O || 7 O = 1.56 O 

R" t = R 2 || (R 3 + R 5 + R' r ) = 2 O || (4 0 + 1 0 + 1.56 O) = 1.53 O 
R T = Ri +R" t = 4Q+ 1.53 0 = 5.53 0 

b. / = 2 V/5.53 O = 361.66 mA 

c. 2n < J > ■ 2n ( 36L66mA ), 8 4.5Q m A 

20 + 6.560 20 + 6.560 

2a ( 845mA) 

20 + 70 



27. 



The 12 0 resistors are in parallel. 

Network redrawn: 



R r = 12 0 



R 



' 2<2 ■ 



_ A 



120 
2 A 

2 t~ 



= 1 A 



_ 24 0(/ 2Q ) 2 A 

12n 240 + 120 3 



P ion — (7ion) 2 10 O 



f— A 

U j 



3 2 



•100 = 4.44 W 




28. a. Pio + Pn || Pi 2 = 1 0 + 2 0|| 2 0 = 2 0 
R 4 II (P 5 + R 6 ) = 10 O II 10 O = 5 O 
Pi + R 2 1| (R 3 + 5 O) = 3 O + 6 O || 6 O = 6 O 
P r =20 || 30 || 60 = 20 || 20=10 
/= 12V/1 0= 12 A 



b. 



h = 
h = 



h = 



12 V/6 O = 2 A 
60(2 A) _ 1A 



6 Q + 6 Q 

— = 0.5 A 



2 



c. 4, = I 4 = 0.5 A 



d. 




= 6 A 
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E = (40 mA)(l .6 kf2) = 64 V 



R = =4k n 

Ll 12 mA 

24 V 

R, = = 3kQ 

h 8mA 



= 72 mA - 40 mA = 32 mA 
I R2 = 32 mA - 12 mA = 20 mA 
= 20 mA - 8 mA = 12 mA 

_ \ _ 64 V - 48 V _ 16 V 
I Ri 32 mA 32 mA 

_ _ 48 V-24 V _ 24 V 

I B 20 mA 20 mA 



Vr, _ 24 V 
/y; 12 mA 



= 2kfi 



40 mA 

= 40 mA - 10 mA = 30 mA 
; 30 mA - 20 mA = 10 mA 
= 40 mA 

= 40 mA - 4 mA = 36 mA 



120 V -100 V 20V 





40 mA 


40 mA 




100 V-40 V _ 


60V 




30 mA 


30 mA 


V i » 


40 V , , ^ 




JV 3 


= 4 kQ 






10mA 






36 V , , _ 




JV 4 


= 1 k£2 






36 mA 






60 V-36 V _ 


24 V 



40 mA 



40 mA 



= 0.6 k£2 
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Pi = I X R X = (40 mA) 2 0.5 kQ = 0.8 W (1 watt resistor) 

P 2 = I\R 2 = (30 mA) 2 2 kQ = 1.8 W (2 watt resistor) 

P 3 = / 2 R } = (10 mA) 2 4 kQ = 0.4 W (1/2 watt or 1 watt resistor) 

P 4 = I 2 4 R 4 = (36 mA) 2 l kQ = 1.3 W (2 watt resistor) 

P 5 = I 2 R 5 = (40 mA) 2 0.6 k Q = 0.96 W (1 watt resistor) 



31 . 



All power levels less than 2 W. Four less than 1 W. 
a. yes, R L » R max (potentiometer) 



b. VDR: r. =3V=« 2V) - S - (1!V) 



c. 



Ry + R 2 



lkQ 



= 3V(lkQ) = Q 25 kQ = 250 Q 
12V 

Ri = 1 kQ - 0.25 kQ = 0.75 kQ = 750 Q 

V Ri =E-V l = 12V-3V = 9V (Chose V R< rather than 
^ R x (\2 V) equation "cleaner") 

“ “ *,+(*2 11*0 
9R\ + 9{R 2 1| R£) = \2R\ 

R x = 2>{R 2 \\R L ) ' 



R = 3R 2 R l 



R x + — 1 kQ 

3 R 2 10 kQ 



• 2 eq. 2 unk(i? £ = 10 kQ) 



^2 + Rl 



R 2 +10 kQ 



and Ri(R 2 + 10 kQ) = 30 kQ R 2 
R\R 2 + 10 kQ R\ = 30 kQ R 2 

Ri+R 2 =1 kQ: (1 kQ - R 2 )R 2 + 10 kQ (1 kQ - R 2 ) = 30 kQ R 2 
R 2 + 39 kQZ? 2 - 10 kQ 2 = 0 



R 2 = 0.255 kQ, -39^255" kQ 



R 2 = 255 Q 

R\ — 1 kQ — R 2 — 745 Q 



32. 



80Q(40V) , 

100 Q 

V bc = 40 V - 32 V = 8 V 



b. 80 Q II 1 kQ = 74.07 Q 



20 Q || 10 kQ= 19.96 Q 

74.07 Q(40V) -3151 y 

74.07 Q + 19.96 Q 
V bc = 40 V- 31.51 V = 8.49 V 



since numerator of VDR 



62 



Chapter 7 




(31.51V) 2 (8.49V) 2 



= 12.41 1 W + 3.604 W = 16.02 W 



(32 V) 2 (8 V) 2 



= 12.8 W + 3.2 W = 16W 



80 Q 20 Q 

The applied loads dissipate less than 20 mW of power. 



Irs = 1 mA 



n I CS 

^ shunt 

^max ^ CS 



(100nXlmA) s M n -8^ 

20 A -1 mA 20 



25 mA= j? s hu, = < ltn X”M) s2n 
25 mA -0.05 mA 

50 mA: i? shunt = ( lkQ X 50 M) = j Q 
50 mA -0.05 mA 

100 mA: i? shunt = 0.5 Q 



a R _ Xnax - K's _ 1 5 V - (50 //A)( 1 kQ) 



50 //A 



= 300 M2 



b. Q/V = 1 lies = 1/50 pA. = 20,000 



iv-OjgWOO^ 



50 V: R s = 5QV °' 1V = 49.9 kQ 
1mA 

500 V: R s = 500V ~°- 1V = 499,9 k n 
1mA 



10 = (0.5 V)(Q/V) => Q/V = 20 x 10 6 

Ics = 1/(Q/V) = l —— = 0.05 uA 

20 xl0 6 



„ E zero adjust 3 V . 2kQ 

38. a. R s = R m — = 1 kQ =28kQ 

I m 2 100 //A 2 
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b. 



xl = 



^unk 



^series 

E 

xJ 



zero adjust 

+ K m + + ^unk 



r R R zero adjust 

■“series ' -“m ~ 



\ 

J 



3 V 
xlOO //A 



- 30 kQ : 



30x10 



- 30 x 10 3 



3 1 1 

x = — , i? unk = 10 kO; x = — , i? U nk = 30 kO; x = — , R un t = 90 kO 

4 2 4 



39. 



40. 



a. 



Carefully redrawing the network will reveal that all three resistors are in parallel 
R 120 

and R t = — = =40 

N 3 



b. 



Again, all three resistors are in parallel and R T 



R_ 

~N 



““-«a 

3 
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Chapter 8 



1 . a. I 2 = h = 10 mA 

b. V\ = I x Ri = (10 mA)(l kO) = 10 V 

c. R t = 1 kO + 2.2 kO + 0.56 kO = 3.76 kO 
V s = IR t = (10 mA)(3.76 kQ) = 37.6 V 



2 . 



a. /? = 



R,V) 



10kO(4A) 



R s +R { + R 2 



3.996 A, I 2 = I 



10k0 + 100 

b. V 2 = I 2 R 2 = (3.996 A)(6 O) = 23.98 V 

c. V s = I 2 (R\ + R 2 ) = (3.996 A)(10 O) = 39.96 V 



3. V Ri =//?i = (6A)(3Q)=18V 

E+Vr -V s = 0, V s = E+V r = 10 V + 18 V = 28 V 



4. 



a. 

b. 



V s = E = 24 V 

/,= £ 



24 V 



24 V 



6 A 



R^ + R 2 1 £2 + 3 O 4 £2 
c. I + I s = h, I s = h-l= 6A-2A = 4A 



5. Vi= V 2 = F, = /i?7.= 0.6A[6 0||24 0||24 0] = 0.6A[6 0|| 12 0] = 2.4 V 

2 : 



K 2.4 V 

I 2 = -Z- = = 0.1 A 



R, 240 



r,- *+■ 



i?3 + R 4 



16 0(2.4 V) 
240 



= 1.6 V 



6. 



a. 



r _ E _24V . _ 

E „ _ „ 12 A, /n 



24 V 24 O 



20 



i? 2 + 7? 3 60 + 20 80 



= 3 A 



KCL: I + I s -h - I R =0 



7 s = /,+ /* -/= 12 A + 3 A - 4 A = 11 A 



b. V, = E = 24 V 



VDR: F,= -^- 2n(24V> = — =6V 



7? 2 +7?3 60 + 20 80 



F 1 q v 

7. a. /= — = =3A,R p = R s = 6£l 

R. 60 7 



b. /=— = 9V = 4.09 mA, 7?„ = 7?, = 2.2 kO 
7? 2.2 kO P 
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9. 



10 . 



a. E = IR S = (1.5 A)(3 O) = 4.5 V, R s = 3 Q 

b. E = 7R S = (6 mA)(4.7 kQ) = 28.2 V, R s = 4.7 kfi 
R S {I) _ 100 £2(12 A) 



a. CDR: I, = 



R s +R l 100£2 + 2£2 



= 11.76 A, / L = I 



b. E S = IR = (12 A)(100 Q) = 1.2 kV 
R s = 100 £2 

1 = — ^ — =n.76 a 
R s + R l 1 00 £2 + 2 £2 



a. E = IR 2 = (2 A)(6.8 £2) = 13.6 V, R = 6.8 £2 



b. I\ (CW) = (12 V + 13.6 V)/(10 £2 + 6.8 £2 + 39 £2) = 



c. V ab = 7^3 = (458.78 mA)(39 £2) = 17.89 V 



25.6 V 
55.8 £2 



11 . 



12 . 



13. 



a. 7r= 6.8 A - 1.2 A - 3.6 A = 2 A 

b. V s = I t -R = {2 A)(4 £2) = 8 V 
7 r t = 7A-3A = 4A 



CDR: 7, 



_ R 2 (I t ) _ 6 £2(4 A) 



Rj + i? 2 4 £2 + 6 £2 



2.4 A 



C 2 = 7]7?! = (2.4 A)(4 £2) = 9.6 V 



a. Conversions: 7i = E\/R\ = 9 V/3 £2 = 3 A, R\ = 3 £2 

I 2 = E 2 /R 2 = 20 V/2 £2 = 10 A, R 2 = 2 £2 

b. 74 = 10 A - 3A = 7 A, R T = 3 £2 || 6 £2 || 2 £2 || 12 £2 

= 2 fi|| 20 || 12 £2 

= 1 n|| 12 £2 

= 0.92 £2 

v ab V ab = -I t R t = -(7 A)(0.92 -Q) = -6.44 V 

+- 

T 6.44 V . n _ . 

c. 7 3 T = = 1.07 A 

6£2 



14. 



a. 1= —= — - = 5.45 mA, R p = 2.2 M2 



77, 2.2 k £2 



458.78 mA 
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b. 7 r T = 8 mA + 5.45 mA - 3 mA = 10.45 mA 
R' = 6.8 kQ || 2.2 kQ = 1.66 kQ 

Vi =I t R' = (10.45 mA)(1.66 kQ) = 17.35 V 

c. F, = F 2 + 12 V ^ F 2 = F, - 12 V = 17.35 V - 12 V 

= 5.35 V 



d. 




5.35V 

2.2kQ 



= 2.43 mA 



15. a. 



nriru 4- 4/j- 8 / 3 =o 

6 - 2/2 - 8/3 = 0 

I\+h = h 



b. 



J Rl =h=~ 






10 + 12 - 3/3 - 47, = 0 
12 - 3/3 - 12/2 = 0 
7,+7 2 = 7 3 




7, = 3.06 A 
I 2 = 0.19 A 
7 3 = 3.25 A 



I Ri = 7j = 3.06 A, 7 fc = 7 2 = 0.19 A 
7^ = 7 3 = 3.25 A 

16. (I): 10-7, 5.6 kQ-7 3 2.2 kQ + 20 = 0 

-20 + 7 3 2.2 kQ + 7 2 3.3 kQ - 30 = 0 
7, + 7 2 = 7 3 



7, = 7 ff = 1.45 mA, I 2 = 7 ff = 8.51 mA, 7 3 = 7^ = 9.96 mA 



(II): 




-1.2 kQ 7, + 9 - 8.2 kQ 7 3 = 0 
-10.2 kQ I 2 + 8.2 kQ 7 3 + 6 = 0 
h + h = 7, 



7, = 2.03 mA, I 2 = 1.23 mA, 7 3 = 0.8 mA 



I Rt = 7, = 2.03 mA 
7 ff2 = 7 3 = 0.8 mA 
Ir, = Ir 4 = h = 1-23 mA 
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17. (I): (TIO* 



-25 - 2 h - 3/ 3 + 60 = 0 
-60 + 3/3 + 6 - 5/2 - 20 = 0 
I\=h + h 



I 2 = -8.55 A 




-=-20 V 

Vab ~7b 

= 20 V - 1 2 5 Q = 20 V - (8.55 A)(5 Q) = -22.75 V 



(II): Source conversion: E = IR\ = (3 A)(3 Q) = 9 V, R\ = 3 Q 

9 + 6 - 3/2 - 4/2 - 6/4 = 0 

+ 6/4 - 8/3 - 4 = 0 
I 2 = F + Z 4 



I 2 = 1.27 A 




=/ 2 4 Q - 6 V = (1.27 A)4 Q - 6 V = -0.92 V 

+- 



18. / = (CW), I 2 = / ff2 (down), / 3 = (right), I A = (down) 

h = (CW) 



d. E\ — I\R\ — I2R2 — 0 


b. 


E l -I 2 (R l +R 2 )-I 3 R 1 =0 


0 

11 

3 

l 

CO 

1 

<N 




I2R2 — Is(R 3 + ^ 4 ) + I5R4 = 0 


I4R4 — I5R5 — E2 — 0 

h=Il+h 

h=h+h 




I3R4 — Is(R4 + R5) — E2 — 0 


c. h{R\ + R2) + hR\ 


+ 0 =E t 




I 2 (Ri) - HR 3 + R4) + I5R4 =0 




0 + I3R4 


~ /5^4 + R5) ~ E2 





3/2 + 2/3+ 0 = 10 
l / 2 - 9/3 + 5/5 = 0 

0 + 5/3 - 8/5 = 6 



d. /3 = I Rs = -63.69 111 A 



68 



CHAPTER 8 




19. a. 20 V - / s (270 kQ) - 0.7 V - I E (0.5 1 kQ) = 0 
Ie(0.5 1 kQ) + 8 V + 7 C (2.2 kQ) - 20 V = 0 
Ie = Ib + Ic 



I B = 63.02 (iA, I c = 4.42 mA, I E = 4.48 mA 

b. V b = 20V- I b (270 kQ) = 20 V - (63.02 /vA)(270 kQ) = 20 V - 17.02 V = 2.98 V 
V E = IrRe = (4.48 mA)(5 10 Q) = 2.28 V 

V c = 20 V - I c (2.2 kQ) = 20 V - (4.42 mA)(2.2 kQ) = 20 V -9.72 V = 10.28 V 

c. J3= I C H B = 4.42 mA/63.02 //A = 70.14 



20. a. 



4 - 47, - 8(7, - h) = 0 
-8(72-70-272-6 = 0 



7! = -|a,7 2 = -| A 
7 7 

, 1 * 
I R =h=-~ A 



I R =h=-~ A 



^ =W2 = 



1 ^ 




( 5 


— A 






7 J 




l 7 J 



= — A (dir. of 70 



b. 



7 ^^\ 



-10-47! -3(7! -7 2 )- 12 = 0 
12 - 3(7 2 - 70 - 127 2 = 0 



7i = -3.06 A, I 2 = 0.19 A 



I R[ = 7] = -3.06 A 
7 fij = 7 2 = 0.19 A 

7 fi2 =h~h = (-3.06 A) - (0. 1 9 A) = -3.25 A 

21. (I): TOvTOv 10-7i(5.6kQ)-2.2kQ(7i-7 2 ) + 20 = 0 

-20 - 2.2 kQ(7 2 - 7i) - 1 2 3.3 kQ - 30 = 0 



7i = 1.45 mA, 7 2 = 8.51 mA 

7 fi =I\ = 1.45 mA, 7 fl = I 2 = 8.51 mA 

I R} =h~ 7i = 7.06 mA (direction of 7 2 ) 
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(II): 7^ -7,(1. 2 kQ) + 9 - 8.2 kQ^ - 7 2 ) = 0 

^ -/ 2 (1 • 1 kQ) + 6-/ 2 (9. 1 kf2) - 8.2 k Q(7 2 - / 1 ) = 0 

/1 = 2.03 mA, 7 2 = 1.23 mA 

7 ff[ = /| = 2.03 mA, 7 /; = I R ^ = I 2 = 1.23 mA 

/ /? = 7j -/ 2 = 2.03 mA - 1.23 mA = 0.80 mA (direction of I\) 

-25 - 27, - 3(7, - 7 2 ) + 60 = 0 
-60 - 3(7 2 - A) + 6 - 57 2 - 20 = 0 

A = 1.87 A, I 2 = -8.55 A 

V ab = 20 - 1 2 5 = 20 - (8.55 A)(5) = 20 V - 42.75 V 

+- 

_=_20V = -22.75 V 

^ _t 6 



22. (I): 



7Tv£\ 



a 

+ _ 



5Q+- 



■nl 



(II): Source conversion: E = 9Y,R = 3 Q. 

TV 9 - 37 2 - 47 2 + 6 - 6(7 2 - 7 3 ) = 0 

- 6(7 3 -7 2 )- 87 3 -4 = 0 



I 2 = 1.27 A, 7 3 = 0.26 A 



+ 4 12 - 

2— wv— lit 

+ / 2 6 V 



Ob 



F a6 = 7 2 4 - 6 = (1 .27 A)(4 Q) - 6 V 

+- 

= 5.08 V- 6 V 

= -0.92 V 



23. (a): 4) 4) 4) 10 -7,2 - 1(A -7 2 ) = 0 

-l(7 2 -7 1 )-7 2 4- 5(7 2 -7 3 ) = 0 
-5(7 3 -7 2 )-7 3 3 - 6 = 0 



37j - 17 2 + 0 =10 
-17 1 +107 2 -57 3 = 0 
0- 57 2 + 87 3 = - 6 
7 2 = 7 fl = -63.69 mA 

24. a. -1A-4-5A + 6- 1 (7 3 - / 2 ) = 0 

-1(7 2 — 7i) - 6 - 3/2 - 15- 107 2 = 0 

7i = 7 332 = 72.16 mA 



V a = -4- (72.16 mA)(6 Q) 
= -4 - 0.433 V 

= -4.43 V 
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b. Network redrawn: 



-67, - 4(7, - / 2 ) - 12 = 0 
12 - 4(/ 2 - /, ) - 5/ 2 - 2(/ 2 - / 3 ) + 16 = 0 
-16 -2(7 3 -/ 2 )- 3/3 = 0 

h — hn = 1*95 A 

F a = (/ 3 )(3 Q) 

= (-2.42 mA)(3 Q) 

= -7.26 V 

25. (I): /,)/>) /,) /!(2.2kQ + 9.1 kQ)-9.1 kQ/ 2 = 18 

7 2 (9.1 kQ + 7.5 kQ + 6.8 kQ) -9.1 kQ/j - 6.8 kQ/ 3 = -18 
7 3 (6.8 k Q + 3.3 kQ) -I 2 6.8 kQ = -3 

I\ = 1.21 mA, I 2 = -0.48 mA, / 3 = -0.62 mA 

(II): A) 16-4/ 1 -3(/ 1 -/ 2 )-12-4(/ 1 -/ 3 ) = 0 

h} h} 12 - 3(/ 2 — I\)— 10 7 2 - 15 - 4(7 2 - 7 3 ) = 0 
-1 6 - 4(7 3 - /,) - 4(/ 3 - 7 2 ) - 7/ 3 = 0 

/j = -0.24 A, I 2 = -0.52 A, / 3 = -1.28 A 



26. a. /,) -6.8 kfl /1 - 4.7 kfl(/! - / 2 ) + 6 - 2.2 kfl(/i - / 4 ) = 0 

/A 7 3 ) -6 - 4 - 7 k ^( 7 2 - 7 0 - 2.7 7 2 - 8.2 kQ (/ 2 - 7 3 ) = 0 

* * -1.1 kQ/ 3 -22kQ(/ 3 -/ 4 )-8.2kCX/ 3 -/ 2 )-9 = 0 

5 - 1 .2 kQ / 4 - 2.2 kQ(/ 4 - /,) - 22 kO(/ 4 -I 3 ) = 0 

I\ = 0.03 mA, I 2 = -0.88 mA, / 3 = -0.97 mA, / 4 = -0.64 mA 

b. Network redrawn: 

-2 h - 6 - 4/j + 47 2 = 0 
-4/ 2 + 47, - l/ 2 + 17 3 - 6 = 0 
-II 3 + 17 2 + 6 - 87 3 = 0 

7i = -3.8 A, I 2 = -4.20 A, / 3 = 0.20 A 




1 1 + 

6 V 
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24 V - 6/| - 4/2 - 10/! + 12 V = 0 
and 16/! + 4/ 2 = 36 
A-/ 2 = 6A 



A = I 2 + 6 A 
16[/ 2 + 6 A] + 4/2 = 36 
16/ 2 + 96 + 4/2 = 36 
20/2 = -60 
A = -3 A 

/i=/2 + 6A = -3A + 6A = 3A 

/ 2 4v = An = Aon = /i 2 v = 3 A (CW) 

An = 3 A (CCW) 




20 V - 4/i - 6(/i - A) - 8 (/ 3 - A) -1A = 0 
10A - 14A + 9A = 20 
A -A = 3 A 
A = 8 A 



10A - 14(8 A) + 9[A + 3 A] = 20 
19A = 105 
A = 5.526 A 

A = A + 3 A = 5.526 A + 3 A = 8.526 A 
A = 8 A 



Aov = An = 5.53 A (dir. of A) 
An = A - A = 2.47 A (dir. of A) 
An = A — A = 0.53 A (dir. of A) 
An = 8.53 A (dir. of A) 
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28. a. (4 + 8)/j - 8/ 2 = 4 

(8 + 2 )/ 2 - 8 /i = -6 



b. h=--A, h =--A 

(4 + 3)/!-3/ 2 = -10- 12 
(3 + 12)/ 2 - 3/[ = 12 

/! = -3.06 A, I 2 = 0.19 A 

29. (I): ^ 

a. /!(5.6 kQ + 2.2 kQ) - 2.2 kQ (/ 2 ) =10 + 20 
7 2 (2.2 kQ + 3.3 kQ) - 2.2 kQ (/,) = -20 - 30 



b. /i = 1.45 mA, I 2 = -8.51 mA 

c. = I\ = 1.45 mA, = I 2 = -8.51 mA 

= /i + I 2 = 8.5 1 mA + 1 .44 mA = 9.96 mA (direction of I\) 

(II): 

a. 7 1 (1.2kO + 8.2kO)-8.2kO/ 2 = 9 

7 2 (8.2 kQ + 1.1 kQ + 9.1 kQ) - 8.2 kQh = 6 



b. I\ = 2.03 mA, 7 2 = 1.23 mA 

c. I Ri =I\ = 2.03 mA, 7^ = 7^ = 7 2 = 1.23 mA 

I R2 = 7, - 7 2 = 2.03 mA - 1 .23 mA = 0.80 mA (direction of 7, ) 

30. (I): 7TV^\ (2 + 3)7i - 37 2 = -25 + 60 

(3 + 5)7 2 - 3h =-60 + 6-20 



b. I\ = 1.87 A, I 2 = -8.55 A 

c. I Ri =h = 1.87 A, I Ri = I 2 = -8.55 A 

I R} = h - 1 2 = 1 .87 A - (-8.55 A) = 10.42 A (direction of 70 

(II): a. 3\7TV (3 + 4 + 6)7 2 - 67 3 = 9 + 6 

(6 + 8)7 3 - 67 2 = -4 
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b. I 2 = 1.27 A, 4 = 0.26 A 



c. I Ri =I 2 = 1.27 A, I R? =h = 0.26 A 
I Ri = 4 ~ 4 = 1-27 A - 0.26 A = 1.01 A 
I Ri = 3 A -I 2 = 3 A - 1.27 A = 1.73 A 

31. /,) h} hi 

4 (2 + 1) - l/ 2 = 10 
4(1 +4 + 5)- 14 -54 = 0 
/ 3 (5 + 3)-5/ 2 = -6 



/ 2 = I R = -63.69 mA (exact match with problem 18) 

32. From Sol. 24(b) 

/ 1 (6 + 4)-4 / 2 = -12 

/ 2 (4 + 5 + 2) -44 - 2/3 =12+16 

/ 3 (2 + 3)-2 / 2 = -16 



Isa = 1 2 = 1.95 A 

4 = -2.42 A, .'. V a = (/ 3 )(3 Q) = (-2.42 A)(3 Q) = -7.26 V 



33. (I): /,) / 2 ) / 3 ) 

(2.2 kQ + 9.1 k Q.)h - 9.1 kQ I 2 = 18 

(9.1 kQ + 7.5 kQ + 6.8 kQ )/ 2 - 9.1 kQ / t - 6.8 kO/ 3 = -18 

(6.8 kQ + 3.3 kQ )/ 3 - 6.8 kO/ 2 = -3 



I\ = 1.21 mA, / 2 = -0.48 mA, / 3 = -0.62 mA 



(II): 




(4 Q + 4 Q + 3 Q)/[ - 3 Q / 2 - 4 Q / 3 = 16 - 12 
(4 Q + 3 Q + 10 Q )/ 2 - 3/j - 4 Q / 3 = 12 - 15 
(4 Q + 4 Q + 7 Q)/ 3 - M\ - AI 2 = -16 



h = -0.24 A, I 2 = -0.52 A, / 3 = -1.28 A 

34. a. /,) /) 7 X (6.8 kQ + 4.7 kQ + 2.2 kQ) - 4.7 kQ I 2 - 2.2 kQ / 4 = 6 

/ 4 ) I-,') I 2 ( 2.7 kQ + 8.2 kQ + 4.7 kQ) - 4.7 kQ /, - 8.2 kQ h = -6 

^ ^ / 3 (8.2 kQ +1.1 kQ + 22 kQ) - 22 kQ / 4 - 8.2 kQ / 2 = -9 

4(2.2 kQ + 22 kQ + 1 .2 kQ) - 2.2 kQ 4 - 22 kQ 4 = 5 



4 = 0.03 mA, h = -0.88 mA, 4 = -0.97 mA, 4 = -0.64 mA 



b. From Sol. 26(b): 

4(2 + 4) - 4/ 2 = -6 
4(4 + 1) - 44 - 14 = -6 

4(1 + 8) - 14 = 6 



4 = 3.8 A, 4 = -4.20 A, 4 = 0.20 A 
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35. a. 



Vi 



1 1 1 

1 1 

2 5 2 



--F, =5 



V x = 8.08 V 
V 2 = 9.39 V 



1 1 

1 

2 4 



— V x =3 
2 1 



b. 



Symmetry is present 
Vi V 2 



Vx 



1 1 

1 

2 4 



--F, =4-2 



V x = 4.80 V 
F 2 = 6.40 V 



F, 



1 1 1 

1 1 

4 20 5 



"i r ' =1 



Symmetry is present 



36. (I): 



Vi v 2 



v , ; 



i i i 

— I 1 — 

3 6 4 



-K= -5-3 



F, 



1 1 

1 

8 4 



— v = 3_4 



Vi = -14.86 V, F 2 = -12.57 V 
-14.86 V 



^ ^ 



= -12.57 V 



h Fp “ = 12 V + 12.57 V - 14.86 V = 9.71 V 



(II): 



• Vi v 2 



Vx 



1 1 1 

1 1 

5 3 2 



--F 2 --F 2 = 
3 2 2 2 



V, 



1111 
2 3 4 8 



- — V l - — V l =7 
3 2 



V\ = -2.56 V, F 2 = 4.03 V 
V Ri = -2.56 V 

V R = V R = 4.03 V 



Vr = Vr = 4.03 V + 2.56 V = 6.59 V 
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37. (I): a. 



Vx v 2 

O 0 



Vx 

v 2 



1 1 
2.2kQ + 9.1kQ + 
1 1 
7.5 kQ 6.8 kQ 



1 

7.5 k£2_ 
1 

+ 3.3 k£2 



V 7 =- 1.98 mA 

7.5 kQ. 2 



K =0.91 mA 

7.5 kQ 1 



b. V\ = -2.65 V, V 2 = 0.95 V 



(+) (-) 



c. V. =V\ = -2.65 V, V, =V 2 = 0.95 V, V. =V 2 -V l = 



Ri t V R = 18 V -2.65 V = 15.35 V 



R 2 | V R = 3 V - 0.95 V = 2.05 V 



(II): a. 






V, 



1 1 1 

1 1 

4 4 7 



-~V 2 --V 3 = 4 
4 2 4 3 



V, 



1 1 1 

1 1 

4 3 10 



-Lv -- V -4 + 1.5 
4 1 3 3 



V 7 



1 1 1 

1 1 

4 3 4 



-~V,--K=-4-4 
4 1 3 3 



b. V, = 8.88 V, V 2 = 9.83 V, V 3 = -3.01 V 



c. V R = V, = 8.88 V, V r =V 3 = -3.01 V, V R = 



-V R + 
R i 



(+) (-) 

f 2 v x 



V R = 16 V- Vi+ V 3 = 4.12 V 



■V R + 

WJ- 

R 2 



F fi = F 2 - F,- 12 V = 0.84 V 






+ 



Rs 



15 V- V 2 = 5.17 V 



3.60 V 



0.95 V 
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38. (I): 



V 









1 1 1 

1 1 

_3 6 6 

i i r 

— I 1 — 

6 4 5. 

1 1 1 

1 1 

6 5 7 



-V, 



:K 



i v '-j v ’- 3 



Vi = 7.24 V, V 2 = -2.45 V, V 3 = 1.41 V 

(II): Source conversion: 7 = 4 A, = 



V 



v. 



I J_ J_ 

9 20 20 

J_ J_ J_ 
20 20 18 

' 1 11' 

1 1 

20 20 4 



20 



V, 



20 



V 3 =-2 



— V — f 3 =0 

20 20 

- — V 2 -— V=4 
20 20 



V\ = -6.64 V, V 2 = 1.29 V, V 3 = 10.66 V 



39. 



(I) 



i 



v„ 



1 1 

— i — 
2 2 



V, V 7 +0 = -5 

1 2 2 



1111 

1 — 1 

2 9 7 2 



1 1 1 

1 1 

2 2 4 



1 



V 3 V 2 =5 

3 2 



V, = -5.31 V, V 2 = -0.62 V, V 3 = 3.75 V 



CHAPTER 8 



77 



(II) 



V 1 V 2 



Vi 



F, 



1 1 

1 

2 6 



--V = -5 
6 3 



= 5-2 



1 1 

1 

6 5 



--Fi = 2 
6 



F = -6.92 V, F> = 12 V, F 3 = 2.3 V 



40. a. 



Supernode 




„ A F F -F 2 

2 a = — + — — 

6Q 10 ^ 



Supernode V 2 , V 3 : 



A F 2 -F, f 2 f 3 
0 = — L + ^- + - 3 




ion 4n 12 n 

Independent source: 

F 2 - F 3 = 24 V or F 3 = F 2 - 24 V 



2 eq. 2 unknowns: 



i) , Yi zXi 



= 2 A 



6n ion 

VizXi | F 2 , F 2 - 24 V 

ion 4n i2n 



= o 



0.267 F -0.1F 2 = 2 
+0. 1 Fi — 0.433 F 2 = -2 



F = 10.08 V, F 2 = 6.94 V 

F 3 = F 2 - 24 V = -17.06 V 
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b. 



-Supernode 




u = s/„ 

Supemode: 

3A + 4A = 3A+ + 

200 400 



2 eq. 2 unk. 



4 A = 



Vx 

200 



+ 



V_2 

40 0 



V 2 -V l =l6\ 



Subt. F> = 16 V+ Vi 

4 A = — — h ( 16 V + ^) 
20 0 40 0 

and F = 48 V 

F> = 16 V + Fi = 64 V 



41. 



a. 



Vi 



F> 

O 



b. 



Vi 



v 2 

Q. 






1 1 1 

1 1 

2 5 2 



— V 7 =5 
2 2 



1 1 

1 

2 4 



— Fj =3 
2 1 



V, = 8.08 V, F 2 = 9.39 V 

Symmetry present 



Vx 



F, 



1 1 

1 

2 4 



--F, =4-2 



1 1 1 

1 1 

4 20 5 






V\ = 4.8 V, F 2 = 6.4 V 



Symmetry present 
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42. (I): a. Note the solution to problem 36(1). 



b. Vi = -14.86 V, V 2 = -12.57 V 

V\ = -14.86 V, V Ri =V 2 = -12.57 V 

V R} =V l -V 2 +12V = (-14.86 V) - (-12.57 V) + 12 V = 9.71 V 

(II): a. Note the solution to problem 36(11). 
b. Vi = -2.56 V, V 2 = 4.03 V 



c- V R =V R = 



+ v D 



R 3 



c. V R =V\ = -2.56 V, V R =V R = V 2 = 4.03 V 



(+) (-) 

Vr=V„ =V 2 -Vi = 6.59 V 



43. 



(I): a. Source conversion: /= 5 A, R = 3 Q 



oV, 



V, 



V, 



1 1 1 

1 1 

3 6 6 

i i r 

— I 1 — 

6 4 5. 

Ill 

1 1 

6 5 7 



-r 2 1 
6 2 6 



2-T^3=5 



1 



1 



—V, — V 3 =-3 
6 1 5 3 

-~v 2 -~v =0 

5 2 6 1 



b. V\ = 7.24 V, V 2 = -2.45 V, V 3 = 1.41 V 



c. Ri | V Ri = 15 V- 7.24 V = 7.76 V 
V Ri = V 2 = -2.45 V, V R} = V 3 = 1.41 V 

(+) H 

Vr 4 = v 3 - V 2 = 1 .41 V - (-2.45 V) = 3.86 V 
v r 5 =V\-Vi = 7.24 V - (-2.45 V) = 9.69 V 
V R 6 = v i~ v i = 7 - 24 V - 1.41 V = 5.83 V 
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(II): a. Source conversion: 7 = 4 A, i? = 4 Q 



V, 



:Yl 



cV 3 



V, 



I _L J_ 

9 + 20 + 20 

_L _L _L 

20 20 18 

J_ J_ I 

20 + 20 + 4 



V, V,=-2 

20 2 20 3 

~—v l ~—v 3 =0 

20 20 

- — v 2 ~— V x =4 
20 2 20 1 



b. V, = -6.64 V, V 2 = 1.29 V, V 3 = 10.66 V 



c. v r, = v i= -6.64 V, R 2 ± V Ri = 16 V - 10.66 V = 5.34 V 

1 + 

(+) (-) 

V R} =V 2 = 1.29 V, =V 2 - V x = 1.29 V - (-6.64 V) = 7.93 V 

(+) (-) 

V Rs =V 3 - V 2 = 10.66 V - 1.29 V = 9.37 V 

(+) (-) 

v r 6 = V 3 ~ Vi = 10-66 V - (-6.64 V) = 17.30 V 

44. a. Note the solution to problem 39(1). 

V\ = -5.31 V, V 2 = -0.62 V, F 3 = 3.75 V 

V 5 a =V\ = -5.31 V 

b. Note the solution to problem 39(11). 

V\ = -6.92 V, V 2 = 12 V, V 3 = 2.3 V 

(+) (-) (+) (-) 

V 2A =V 2 -V 3 = 9.7 V, F 5A = V 2 - V x = 18.92 V 



45. a. / 2 ) 7j(6 + 5 + 10) - 5/ 2 - 10/ 3 = 6 

W J-) 7 2 (5 + 5 + 5) - 57i - 57 3 = 0 

7 3 (5 + 10 + 20) - 10A - 57 2 = 0 

h = 0.39 A, I 2 = 0.18 A, I 3 = 0.14 A 

b. 7 5 = I 2 - 1 3 = 40 mA (direction of 7 2 ) 

c, d. no 
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46. Source conversion: 7=1 A, i? = 6 Q 



1 1 1 

1 1 

6 5 5 

11 r 

1 1 

5 5 20. 

li r 

— I 1 

5 5 10 



V x -~V 2 --V 3 =l 

1 5 2 5 3 

V ? --K --K =0 

2 5 1 5 3 

V, --V, --V, =0 

3 5 1 5 2 



V g =196.70 mV, no 



47. 



a. 









7,(2 kQ + 33 kQ + 3.3 kQ) - 33 kQ I 2 - 3.3 kQ 7 3 = 24 
7 2 (33 kQ + 56 kQ + 36 kfl) - 33 k Q. I x - 36 kQ 7 3 = 0 
7 3 (3.3 kQ + 36 kQ + 5.6 kQ) - 36 kD. I 2 - 3.3 kQ 7, = 0 



I x = 0.97 inA. I 2 = h = 0.36 inA 

b. 7 5 =I 2 -h = 0.36 mA- 0.36 mA = 0 

c, d. yes 



48. Source conversion: 7 = 12 A, R = 2 kQ 

1 1 1 
■ + + - 



2kQ 33 kQ 56 kQ 

1 1 1 

- + + - 



V, 



1 



1 



56 kQ 



33 kQ 



-V, = 12 



56 kQ 36 kQ 5.6 kQ 



V 2 ~ 



1 V 1 -— I —Vi = 0 



1 



- + - 



1 



- + - 



1 



33 kQ 3.3 kQ 36 kQ 



V, - 



56 kQ 
1 

33 kQ 



Vx- 



36kQ 

1 

36 kQ 



K=0 



Ir, = 0 A, yes 



49. Source conversion: 1=9 mA, R= 1 kQ 



V x 



1 



- + - 



1 



- + - 



1 



1 kQ lOOkQ 200 kQ 



1 



1 



- + ■ 



1 



- + ■ 



1 



lOOkQ 200 kQ lkQ 



V, 



1 



- + ■ 



1 






1 



200 kQ lOOkQ lkQ 



lOOkQ 

1 

lOOkQ 

1 

200 kQ 



-K 



1 



200 kQ 



-V, = 4 mA 



Vx~ 



Vx~ 



1 



lkQ 

1 

lkQ 



V 3 = -9 mA 



Vr, =9mA 
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50. a. 



7 ‘) 



h} (1 kQ + 2 kQ + 2 kQ)/| - 2 kQ / 2 - 2 kQ / 3 = 10 

j\ (2 kQ + 2 kQ + 2 kQ)/ 2 - 2 kQ I\ - 2 kQ / 3 = 0 

3 ' (2kQ + 2kQ + 2kQ)/ 3 -2kQ/! -2kQ/ 2 = 0 



I\ — /iov — 3.33 m A 

Source conversion: 7=10 V/l kQ = 10 mA, R= 1 kQ 
1 

_ -U -I- I // 

2 









K 



1 kQ 2 kQ 2 kQ 

1 1 1 

- + + - 



1 -F, — F=10mA 



2 kQ 2 kQ 2 kQ 
1 



1 1 

- + - 



2 kQ 2 kQ 2 kQ 



2kQ 
1 

2kQ 

1 

" 2kQ 



F 



2kQ 

1 

2kQ 

1 

2 kQ 



F, =0 



^=0 



Fi = 6.67 V = E -IR S = 10 V - /(I kQ) 



r 10-6.67 V , „ A 

/ = = 3.33 mA 

lkQ 



b - 

V ) 



Source conversion: E = 20 V, R= 10Q 

(10 + 10 + 20 )h - 10 h ~ 20 h = 20 

(10 + 20 + 20 )/ 2 - 10 /i - 20/ 3 = 0 
(20 + 20 + 10)/ 3 - 20 /i - 20/2 = 0 



h=I: 



20V ' 



0.83 A 




20 V 



F = 20 V-8.3 V 
= 11.7 V 



, F 11.70V . 

4= — = = 1.17A 

R. 10 Q 






F 



F 



1 1 1 ' 
To To 2o_ 


- 


~r 

.20. 


V 2 ~ 


~r 

_To_ 


1 1 r 




1 " 




1 1 


20 1 20 1 10 




20 


V l~ 


20 


1 1 1 ' 

To 20 20. 




' 1 ' 


v 


' 1 ' 




_To_ 


v \ 


.20. 



F 3 =2 



f 3 =0 



F, =0 



!’ 

/„ =-5- =1.17 A 
s 7?. 
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R t = 2.27 kQ + [4.7 k Q + 2.27 kQ]|| [1.1 kQ + 2.27 kQ] 
= 2.27 kQ + [6.97 kQ] || [3.37 kQ] 

= 2.27 kQ + 2.27 kQ 
= 4.54 kQ 

/= 8 V = 1.76 mA 

4.54 kQ 



52. a. 




(Y-A conversion) 

400 V 

~~ 1 2 kQ 1 1 1 2 kQ 1 1 6 kQ 

= 133.33 in A 



b. 



42 V 

as Q II 18 Q) II [(18 Q II 18 Q) + (18 Q II 18 Q)] 



42 V 

9Q||[9Q + 9Q] 



= 7 A (Y-A conversion) 



400 V 
3 kQ 
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3 kQ 



15kQ 



3 kQ 



3kQ II 7.5 kQ = 2.14 kl 
3 kQ || 15 kQ = 2.5 kQ 




(2.5 kQ + 2.5 kQ) = 1.5 kQ 

/- q-5fcflX5A) _ 21iA 

1.5kQ + 2kQ 



-\W 



kQ 



zl: 




5 V 



5 V 
8 kQ 



15V 

18kQ 



= 0.83 niA 




i kQ + 1 kQ = 3.5 kQ 

— = 5.71 mA 

Q 



R'=Ri + 1 kQ = 3 kO 
R" = R 2 + 1 kQ = 3 kC 

R't= = 1.5 kQ 




c-g: 27 Q || 9 Q || 2 

a-h: 27Q || 9 Q || 

R r = 5.4 Q || (13.5 Q 
= 5.4 0 || 18.9Q 

= 4.2 Q 




Chapter 9 



1. a. E i: 



12a 




12 Q 




/', = 



30 V 
120 + 60||60 

30V =2 A 



12 Q + 3 Q 

r 2 = i\= — = 1 a 



r\ = 



60 V 



60 + 60||120 
= 6 A 



60 V 

6 O + 4 O 



r\ = 
i" 2 = 



6Q(/:) 
60 + 120 
12 0(7'') 

1 2 O + 6 O 



= 2 A 



= 4 A 



7i = 7' 1 +7"! = 2 A + 2 A = 4 A (dir. of 7( ) 

I 2 = 7" -7' = 4 A - 1 A = 3 A (dir. of 7" ) 

7 3 =7' 3 +7" 3 = 1 A + 6 A = 7 A (dir. of 7' ) 

b. E\. P\ = 7; 2 7?! = (2 A) 2 12 O = 48 W 

E 2 : P" 1 = 7" 2 7? 1 I"7?i = (2 A) 2 12 O = 48 W 

c. />! = 7 2 7 ?j = (4 A) 2 12 0 = 192 W 

d. P'i +P"j =48 W + 48 W = 96 W* 192 W = Pj 



2. 7: 

^8!) 



E: 

8Q 
:i8v 




I 7 ' 




/ = 8 ^ 9A > = 4 A 
80 + 100 



r _ 18 V 
100 + 80 



1 A 



7 =7'-7" = 4A-lA = 3A (dir of/) 
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30_O(7 l ) _ 30 0(1.03 A) 
_ 30O + 7O _ 370 

= 835.14 mA 

V' =/'(4 O) = (835.14 mA)(4 O) 
= 3.34 V 



7: 



4 Q 




4£1 



P^Mr- 



+ V, ~ 






6 A 

L-W— W— 1 

5 Q 3Q 



Jf _ 8Q(6A) _ 1A 
8 O + 4 O 

F/ = /( 4 0) = 4 A(4 O) = 16 V 



Ei. 




R'=30Q||6Q = 5Q 




i?'r= 12 O II (4 O + 5 O) = 12 O || 9 O = 5.14 O 
8 V 



/-A= 



7 ?^ 40 + 5.140 



■ = 0.875 A 



12 0(7') 12 0(0.875 A) 



I" = 

120 + 90 210 

F;"= 7"(4 O) = 0.5 A(4 O) = 2 V 



= 0.5 A 



V s = V"- v; - V" = 16 V - 3.34 V - 2 V = 10.66 V 
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6. E: 





= 6.8k£2(36V) 

2 6.8k£2 + 12k£2 



= 12k£2(9mA) 

2 12k£2 + 6.8k£2 



V"=I 2 R 2 = (5.75 mA)(6.8 kQ) = 39.10 V 
V 2 = V 2 + V 2 = 13.02 V + 39.10 V = 52.12 V 

7. a. R jh — 7?3 + 7?i || 7?2 = 4 £2 + 6 12 1| 3£2 — 4Q + 2Q = 612 
_^- 3n ( 18V) - 6 y 
R 2 +R l 3£2 + 6£2 



b. I\ = 



J Th - 



6 V 



R n +R 



h = 
h = 



6 £2 + 2 El 
6 V 



0.75 A 



6 £2 + 30 £2 
6 V 

6 £2 + 100 £2 



166.67 mA 
= 56.60 mA 



8 . 



a. 




1 

J 



Rn = 2Q+12Q = 14 £2 




E n = IR = (3 A)(12 £2) = 36 V 



= 13.02 V 



5.75 mA 
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2Q =10.13 W 



b. 



R = 2Q:P = 



"Th 



V ^Th + R 



y 

R = 

J 



' 36 V V 

^ 14 o + 2 o y 



/?= 100Q:P = 



36 V 

V 14Q + 100Q 



y 

100 Q= 9.97 W 

J 



9. a. Rrh- 




^ — ^77j — 5 £"2 H - 5 £2 || 5 Q — 7.5 



Em • 




10 . 





^ = 6Q|| 3Q = 2n 



60(18 V). 12V 
6Q + 3Q 

E n = 72 V + 12 V = 84 V 
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11 . 



Rn- 



• 

a 


► < 

£5.6 kQ 

i 


^ 2 

► i 

i 


L 

£2.2 kQ 

» 

> 


E Th : Superposition: 






E JU t 

Th < 

+ 

o 


£5.6 kQ(; 


i 

-< 

^8mA ^ 

< 


L 

£2.2 kQ 

i 

> 


-d 






+ 

E Th ^ 

O 


► <! 
£5.6 kQ 

< 


i ^2.2 kQ 

j) 1 + 

-=-16 V 

, J- 



+ 

Ejh = 1 1.49 V — 12.64 V = —1.15 V 



R n = 5.6 kQ || 2.2 kQ = 1.58 kQ 



E’jh — IRt 

= 8 mA(5.6 kQ || 2.2 kQ) 
= 8mA(1.579kQ) 

= 12.64 V 



E „ 5.6kQ(16V) 

Th 5.6kQ + 2.2kQ 
= 11.49 V 




E n ,: Superposition: 




Rn = 25 Q || 16 Q = 9.76 Q 



E' n = -20 V 



E" n = (3 A)(9.76 Q) = 29.28 V 



E n = E"n ~ E' n = 29.28 V - 20 V = 9.28 V 
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R n = 4 Q || (2 Q + 6 Q || 3 Q) = 2 Q 



6Q + 3Q||(2Q + 4Q) 
j_ 3fl(/ r ) 3Q(9A) =3A 

2 3Q+6Q 9Q 

= F 6 + F 2 = (/ r )(6 Q ) + / 2 (2 Q ) 

= (9 A)(6 fi) + (3 A)(2 Q) = 60 V 
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En- 



4.7 kQ 




3.9kQ(18mA) 
3.9kQ + 7.4kQ 



= 6.21 mA 



En = /'(2.7 kCl) = (6.21 mA)(2.7 kQ) = 16.77 V 



14. (I): R n : 




^ — Rn — 2 H 4 8 Q — 10 Cl 



20Q II 5Q = 4Q 



16 a II (12 a +4Q) = 8Q 



'Th- 



I 



20 V 



M\ r^VA — . — VA — ° 



I T 20 Q ^/ f 12 Q 



;5Q 



2 Q + 
+ 

16 Q 



En ~ E\ (,n 



5 Q II (12 Q + 16 Q) = 5 Q II 28 Q = 4.24 Q 

20 V 



It ~ 



20 Cl + A2A Cl 



825.08 mA 



f = 5Q(/ r ) = 5 0(825.08 mA) , 125()lmA 
5C2 + 28Q 33 Cl 

En = V l6Si = (/)( 16 Cl) = (125.01 mA)(16 Cl) = 2 V 
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(II): 



Rn- 




♦ 



<- R n = 3. 3 kQ + 2.2 kO || 1.1 kO 
= 3.3 kQ + 0.73 kQ 

= 4.03 kQ 



E i: 



En- Superposition: 




_ T , _ 2.2kQ(12V) 

^ Th~ r 2.2k a - — 

2.2kQ + l.lkQ 

= 8 V 



e t ,:'=e 2 =a\ 



E Th =E' Th +E" Th = 8V + 4V = 12V 



15. 




<-R n =2.2 kQ || 5.6 kQ = 1.58 kQ 
R' = 1.58 kQ + 3.3 kQ 
= 4.88 kQ 



R" = 4.88 kQ || 6.8 kQ = 2.84 kQ 

Rn = 1.2 kQ + R" = 1.2 kQ + 2.84 kQ = 4.04 kQ 

En- Source conversions: 

22 V 

I\ = = 10 mA, R s = 2.2 kQ 

2.2 kQ 

I 2 = 12 V = 2.14 mA, R s = 5.6 kQ 
5.6 kQ 

Combining parallel current sources: T t = I\ — 1 2 = 10 mA - 2.14 mA = 7.86 mA 

2.2 kQ || 5.6 kQ= 1.58 kQ 
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Source conversion: 



E = (7.86 mA)(1.58kQ)= 12.42 V 

R'=R s + 33 k£2= 1.58 kn + 3.3 kO = 4.88 k£2 



1.2 kQ 




12.42 V-6 V 
4.88 k^ + 6.8 kQ 



6.42 V 
11.68kQ 



= 549.66 //A 



F 6 .8kn = 7(6.8 kQ) = (549.66 //A)(6.8 kO) = 3.74 V 



E n = 6 V + J4, 8k .o = 6 V + 3.74 V = 9.74 V 



16. 




<—Rn = 51 kQ || 10 kQ = 8.36 kQ 



En- 




-Wr 

51 kQ 




10 kQ(20 V) 
10kQ + 51kQ 



= 3.28 V 



b. 



IeRe + Vce + RRc — 20 V 
but I c = h 

and I F (R C + Re) + V C e = 20 V 

20 V - V rF 20 V - 8 V 

or I E = ^- = 

Rq + R E 2.2 kQ + 0.5 kQ 



12 V 
2.7 kQ 



= 4.44 inA 



c. 



8.36 kQ 

YVV + 

R. 



_L 0.7 V i 444mA 

E T h~^~ 3.28 V 

:0.5 kQ 







En ~ hRn ~ Vbe — V E — 0 
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and Ir = 



_ ^ Th VbE 



3.28 V - 0.7 V - (4.44 mA)(0.5 kQ) 



R 



Th 



8.36 kQ 



2.58 V -2.22 V 0.36 V 



8.36 kQ 



8.36 kQ 



43.06 (iA 



d. V c = 20 V - I C R C = 20 V - (4.44 mA)(2.2 kQ) 
= 20 V - 9.77 V 

= 10.23 V 



17. 


a. 


E n = 20 V 






E n 20 V 

I- 1.6 mA- Th = ,R n 

Rn Rn 




b. 


En- 60 mV, Rn = 2.72 k£2 




c. 


E n = 16 V, R n = 2.2 kD 


18. 


Rn 


° — Wr 1 1 



20 V 
1.6 mA 



12.5 kQ 



2 Q 



“w 

o— 



M2 a 



R N = 2Q+\2Cl = UCl 



In- 



r~Wr 

20 



In f 



M2 Q 



© 



3 A 



A- 12Q(3A) = 2.57 A 
12C2 + 2Q 




b. E n = = (1 -34 A)(7.5 D.) = 10.05 V s 10 V, R n = R N = 7.5 Q 
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Superposition: 



c 


3A 5 




~ 


< 

( 

„ llll , 


-< 

-< 

■< 



TV = 3 A 



F n = — - =2.05 A 
9.76 Q 



Tv=/V-7"v=3 A- 2.05 A = 0.95 A (direction of TV) 
b. E n = I n R n = (0.95 A)(9.76 Q) = 9.27 V = 9.28 V, R n =R N = 9.76 Q 
(II): a. 

i ^ — VA 1 — ° 

2 Q 

£2 <3£] <4£i <~Rn = 4 O || (2 C2 + 2 Q) = 2 £2 



72 V 

4Q||(3Q + 6Q||2Q) 
72 V 

= 34 A 

2.118Q 

4^(/) _„ A 





VW 

2a 


u 


^6 Q ◄ 


h a 3 


J4!2 

o 





A = = 16 A 

4Q + 4.5Q 

/ 2 - 2n<J .) - 4 A 

2 Q + 6 Q 



I N = I-I 2 = 34A-4A = 30A 
b. E Th = I n R n = (30 A)(2 Q) = 60 V, R n = R N = 2 Q 
(I) Rn- 



20 Q I 12 Q I 2 Q 
>5t! ^16Q 



20 a II 5 a = 4 Q 



<-R n = 2Q+ 16 O II (12Q + 4Q) 
= 2Q+ 16 O || 16 n 
= 2Q + 8C2 = 10Q 
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In: 




/ = 



20 V 



= 0.845 A 



R t 20 Q + 3.67 f2 
/,- 5n < 0 845A > = 0.225 A 



In ~ 



5Q + 13.78Q 
16 £2(0.225 A) 
1 6 £2 + 2 £2 



0.2 A 



(II): R n : 



3.3 kQ 




<— R n = 3.3 k£2 +1.1 k£2 || 2.2 k£2 
= 3.3 kC2 + 0.733 k£2 

= 4.03 k£2 



I N \ Superposition: 




Ei- 




l = 12 V 

T 1.1 kQ + 1.32kQ 
= 4.96 mA 

= 2.2kQ(4.96mA) 

N 2.2kQ + 3.3kQ 
= 1.98 mA 



3.3 kQ + 0.73 kQ 
= 0.99 mA 



I N = r N + r N =\ .98 mA + 0.99 mA = 2.97 mA 
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2 0 + 4 0 || 4Q) || 4Q 

2 O + 2 O) || 4 O 

40 , ^ 

=20 



7 _F 4n 6V-2V 4 

40 40 4 

= 1 A 

v _ (40 1| 2Q)(2 V) 
(40 1| 20) + 40 
= 0.5 V 







I N = I-1 2 = 1 A-0.25 A = 0.75 A 

24. (I): (a) R = Rn = 9.76 Q (from problem 12) 

(II): (a) R = R T h = 2 0 (from problem 12) 

(I) : (b) P max = E 2 Th / 4R Th = (9.28 V) 2 /4(9.76 Q) = 2.21 W 

(II) : (b) P max = 4, /4f? ra = (60 V) 2 /4(2 O) = 450 W 

25. (I): (a) /? = R n = 10 O (from problem 14) 

(II): (a) R = R n = 4.03 kfl (from problem 14) 

(I) : (b) P max = E) h !AR n = (2 V) 2 /4(10 O) = 100 mW 

(II) : (b) P max = Ej h /4R n = (12 V) 2 /4(4.03 kO) = 8.93 mW 

26. R l = R T h = 4.04 kQ (from problem 1 5) 

En = 9.74 V (from problem 1 5) 

Pmax = E 2 Th /4R n = (9.74 V) 2 /4(4.04 kO) = 5.87 mW 
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c. 



2 




P = I 2 R = y—\R 

V ^ Th + ^ > 

R = -(2 Q) = 0.5 Q, P = 38.72 W 
4 

R= ^(2 Q) = 1 Q,P= 53.78 W 

R= |(2Q) = 1.5 D.,P = 59.27 W 

R = 2Q,P = 60.5 W 

i? = |(2 Q) = 2.5 D.,P= 59.75 W 

/?= |(2Q) =3 Q,P = 58 W 

R = ^(2 Q) = 3.5 D.,P= 56 W 
R = 2(2 Q)=4Q,P= 53.78 W 




V ^77* + ^4 J 

with Ri = 0 Q E Th is a maximum and R Th a minimum 
.*. P m ax a maximum 




F, and therefore F 4 , will be its largest value when 7? 2 is as 
large as possible. Therefore choose R 2 = open-circuit (oo Q). 



Then P 4 = 



V 2 

_±_ 



will be a maximum. 



b. No, examine each individually. 
30. 
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1 1 2 V ^500 Q ^R l =100Q 



Since R L fixed, maximum power to R L when V R a maximum as defined by P L 



R = 500 Q and P max = (12 V) = 1.44 W 

ioo a 



►10q(J) 7A ^6 a ^3Q V L 



It T = 4A + 7A=11A 

10 Q || 6 Q || 3 Q = 1.67 Q 
V L = I t R t = (11 A)(1.67 O) = 18.37 V 
/ =H = . 18 -37V a 



= 6.12 A 



r -5V/2.2kQ + 20V/8.2kQ 

E ea = = 0.2879 V 

q 1/2.2 kQ + l/8.2kQ 



Rqq = = 1.7346 kQ 

q 1/2.2 kQ + 1/8.2 kQ 

, E eq 0.2879 V t 

I L = — = = 39.3 itA 

R eq + R l 1 .7346 kC2 + 5 .6 kQ 

V L = I l R l = (39.3 pA)(5.6 kQ) = 220 mV 



ItX = 5 A - 0.4 A - 0.2 A = 4.40 A 
R t = 200 Q || 80 Q || 50 Q || 50 Q = 17.39 Q 
V L = I t R t = (4.40 A)(17.39 C2) = 75.52 V 
i= 7632V =038A 
R, 200 Q 



, _ (4 A)(4.7 Q) + (1.6 A)(3.3Q)_ 18.8 V + 5.28 V _ , m A 

ipn J.U1 A 

q 4.7Q + 3.3Q 8Q 

R q q — 4.7 Q + 3.3 Q — 8 Q 

t= W = »M =2 , SA 

R eq + R l 8Q + 2.7 Q 
Ft = IlR l = (2.25 A)(2.7 Q) = 6.08 V 
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_ (4mA)(8.2kQ) + (8mA)(4.7kQ)-(10mA)(2kQ) 

eq 8.2 kf2 + 4.7 kQ + 2 kQ 

32.8 V + 37.6 V-20V „ „„ . 

= = 3.38 mA 

14.9 kQ 

R e q = 8.2 kQ + 4.7 kQ + 2 kQ = 14.9 kQ 

14 - 9M )( 3 38m A).2.3 2mA 
R eq + R l 14.9 kQ + 6.8 kQ 

V L = IlR l = (2.32 mA)(6.8 kQ) = 15.78 V 



36. 15kQ||(8kQ + 7kQ) = 15kQ 

7.5kQ(60V) 



15 kQ = 7.5 kQ 



V, 



ab ' 



7 ;/) 



7.5kQ + 2.5kQ 
45 V 



: 45 V 



15 kQ 



= 3 mA 





3 mA 



* b 



37. 




9.75 V 




= 10 V-8 V 

ba 2kQ + 0.51kQ + 1.5kQ 

= 498.75 pA. 

Vos ikn = (498.75 pA)(0.51 kQ) 
= 0.25 V 

Kb = 10 V- 0.25 V = 9.75 V 

+- 



38. 




.'. R 2 = short-circuit, open-circuit, any value 



V ab = 0\ (short) 
lab = o A (open) 

R 2 any resistive value 
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24 V 7 

39. a. 4= — — = 1.5 mA, 7 = -^ = 0.5 mA 

24k£2 3 

8 kfi + 




4 = 



24 V 



7 = 



24 k£2 + 8 kQ || 12 k£2 

12kQ(4) 



= 0.83 mA 



1 2 kQ + 8 kQ 



0.5 mA 




It ~ 



10 V 

4k£2|| 8kf2 + 4k£2|| 4ki2 
10 V 



2.67 k£2 + 2 kD 
10V 



4.67 kQ 



= 2.14 mA 



= 8Q(/ r ) = j 43 = /2 = j 07 ^ 

8Q + 4Q 

I = 4 - 1 2 = 1 .43 mA - 1 .07 mA = 0.36 mA 




= (8 kO || 4 kQ)(10 V) 

1 8kfi||4kQ + 4kfi||4kfi 
= 5.72 V 

4 = =0.71 mA 

8kQ 

V 2 = E-V X = 10 V- 5.72 V 
= 4.28 V 

7 2 = = 1.07 mA 

4kQ 

I = I 2 — I i = 1.07 mA -0.71 mA 

= 0.36 mA 



41 a 7 - Ml 3 ^ 6A ) - 2 A 

* 2 7?j + 7? 2 + 7? 3 3Q + 2Q + 4Q 

4=7 fl2 7? 2 =(2A)(2Q) = 4V 



b. 7 _ _ 2 Q(6 A) _ L33 A 

^ 74 + 7? 2 + 74 3£2 + 2£2 + 4£2 

4= 7 fli 7?! =(1.33 A)(3 Q) = 4V 
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Chapter 10 




1. (a) 


gf= k%- = 




r 2 


(2m) ! 


(b) 


II 


_(9x10 9 )(4//C) =36><10 » n/c 


r 


(1 mm) 2 



«?(! mm): g? (2 m) = 4 x 10 6 : 1 



2. 



>_ kQ _ [kQ_ (9x10 9 )(2//C) _ 

r- => r — . , — IS.ol m 

r 2 V 72N/C 



3. 

4. 

5. 



c -£,1?»£C- 

F 10 V 

Q = CF= (0.15 /vF)(45 V) = 6.75 pC 



r= r = 100mV =50v/m 

d 2 mm 



6. d= 10 piils 



" i o- 3 X 


lm 


Ijrrff 


_39.37j< 



= 0.254 mm 



V 100 mV 



d 0.254 mm 



= 393.70 V/m 



7. 



y = Q__ 160/iC = 40 V 
C 4//F 



gr= — = 



V 40 V „ _ 3 



d 5 mm 



= 8 x 10 J V/m 



8. C= 8.85 x 10 _12 £ r — = 8.85 x 10~ 12 (1) ^ Q1 m ) = 442.50 pF 

d 2mm 

9. C = 8.85 x 10 12 s r — =8.85 x 10~ 12 (2.5) ^ m - 

d 2 mm 



= 1.11 nF 



1A _ ooc 1A _ 12 A , 8.85 x 10 (4)(0. 15m) 

10. C = 8.85 x 10 s r — => d = — — = 2.66 /an 

d 2 //F 



11. C = e r C 0 => z r = ^ ^ = 5 (mica) 



C a 1200 pF 
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12. a. C=8.85 x 10 12 (l) (Q ' 08m ^ = 3.54nF 

0.2 mm 



b. 



V 200 V 



- 10 6 V/m 



d 0.2 mm 
c. Q = CV=( 3.54 nF)(200V) = 0.71 //C 

,3. a. 10‘V/m 

d 0.2 mm 

b. Q = zWA = & r £ 0 ga = (7)(8.85 xlO 12 )(10 6 V/m)(0.08 m 2 ) = 4.96 /iC 

c. C=^= 4 ' 96//C = 24.80 nF 

V 200 V 



14. 



a. C= ^(5 juF) = 2.5 juF 

b. C = 2(5 juF) = 10 juF 

c. C = 20(5 juF) = 100 //F 



(4) 



d. C = 



v-v 



, ^ (5 juF) = 26.67 juF 

V4 j 



15. d = 



16. 



8.85 x 10“ l2 £-^ (8.85 x 10 12 )(5)(0.02 m 2 ) 



C 



0.006 juF 



d = 0.1475 ljtfn 
5.807 prif: 



"lO -3 ^" 


'39.37X' 


1000 mils 


lrpln 


1 yd 


1 y/. 



: 0.1475 mm = 147.5 /urn 
= 5.807 mils 



5000V 
L pail 
1200 V 



= 29.04 kV 



mica: 



5000 V 



1200 V 



prfi 

5000 V 



0.24 mils 



rtfil 

[ ^ i 


lm 


1000 mils 


39.37^ 



= 0.24 mils 



6.10 fjm 



17. -222- (22 //F)/°C = 4400 pF/°C 

lxlO 6 

^2M[AT] = ^2M[80°C] = 0.35^F 



18. J = ±5%, Size => 40 pF + 2 pF, 38 pF 42 pF 
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19. M = ±20%, Size => 220 //F ± 44 //F, 176 //F -» 264 //F 

20. K = +10%, Size => 33,000 pF + 3300 pF, 29,700 pF 36,300 pF 



21. a. x = RC = (10 5 Q)(5.1 pF) = 0.51 s 

b. v c = E( 1 - e~ ,/x ) = 20 V(1 - e“' /0 ' 51 s ) 

c. It = 0.632(20 V) = 12.64 V, 3x = 0.95(20 V) = 19 V 
5x = 0.993(20 V) = 19.87 V 

d. fc =^l^ = #.2mA e -“ s 

lOOkQ 

u R = Ee~ t/T = 20 V^ /0 - 51 s 



e. 





22. a. x = i?C = (10 6 £2)(5.1 //F) = 5.1 s b. o c = E(l - e tk ) = 20 V(1 - <f' /51s ) 

c. lx = 12.64 V, 3t = 19 V, 5x = 19.87 V d. i c = — - e th = 20 uA e~ t,5ls 

1MQ 

\) R = Ee~ ,h = 20 V e~ tl51s 

e. Same as problem 2 1 with 5x = 25 s and I m = 20 juA 



23. a. x = RC = (2.2 kQ + 3.3 kO)l pF = (5.5 kQ)(l //F) = 5.5 ms 

b. Uc = E( 1 - e~' h ) = 100 V(1 - e~' 15 - 5 ms ) 

c. lx = 63.21 V, 3t = 95.02 V, 5x = 99.33 V 



d. 



= — e~ tk = = 18.18 mA«^“ 

R t 5.5 kQ 

. = 3.3kQ(100V) =6QV 

2 3.3kQ + 2.2kQ 



u r = Vr 2 



= 60 Ve~ tl5 ' 5 ms 
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24. a. x = RC = (56 kQ)(0. 1 (aF) = 5.6 ms 

E _ th 25 V _, /T . . 

c. i c = — e = e = 0.45 in At' 

i? 56kQ 




b. u c = £(1 - e~ t/x ) = 25 V(1 - e ~ t/5 ' 6ms ) 

5.6ms 




b. u c = 60 mV( 1 - e" 2ms/5ms ) = 60 mV( 1 - e~ 0A ) = 60 mV( 1 - 0.670) 

= 60 mV(0.330) = 19.8 mV 

c. u c = 60 mV( 1 - e~ l00ms/5ms ) = 60 mV( 1 - tf 20 ) = 60 mV( 1 - 2.06 x 1 0“ 9 ) 

= 60 mV(l) = 60 mV 



26. 



a. 

b. 

c. 

d. 

e. 

f. 



t= 40 ms, 5r = 5(40 ms) = 200 ms 

„ ^ „ t 40 ms , , _ 

t = RC, R— — = = 4 kQ 

C 



10 juF 

(l-e 

= 12 V(1 - 0.607) = 12 V(0.393) = 4.72 V 
u c = 12 V(1 - e -10 ) = 12 V(1 - 45 x 10“ 6 ) = 12.0 V 
Q = CV= (10 //F)(12 V) = 120 //C 



u c (20 ms) = 12 V(1 - <?~ 20ms/40ms ) = 12 V(1 - e -0 5 ) 



5t= 50 x WX- 



X 10 6 Q)(10 juF ) = 




lh 


_ 60^ 





= 13.89 h 



27. 



a. 



b. 



t = RC = (2 kQX 1 00 //F) = 200 ms 
u c =E(\- e~ tlT ) = 8 V(1 - tT ,/2##ms ) 




8 V 
2k D. 



g-t /200 ms 



= 4 mAe _ ' /200ms 



c. U C <\ s) = 8 V(1 - e _ls/200ms ) = 8 V( 1 - e~ 5 ) 

= 8 V(1 - 6.738 x 10" 3 ) = 8 V(0.9933) = 7.95 V 
ic (1 s) = 4 mAe" 5 = 4 mA(6.738 x 10“ 3 ) = 26.95 juA 
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d. v c = 7.95 Ve 
7.95 V _ 



-//200ms 



ic = 



//200ms 



2kfi 



= 3.98 mAe"' /20#ms 




28. 



a. 



b. 



c. 



t= RC = (3 kfi + 2 kO)(2 //F) = 10 ms 
v c = 50 V(1 - 



k: = 



50 V -t/10ms 

5kQ 



= 10 mA ' /10ms 



v R] = i c ■ Ri = (10 mA)(3 kQ)£f' /IHms = 30 V<T ,/1#ms 

100ms: e~ 10 = 45.4 x 10 -6 
Uc = 50 V(1 - 45.4 x 1 0“ 6 ) = 50 V 
i c = 10 mA(45.4 x 10“ 6 ) = 0.45 //A 
u Ri = 30 V(45.4 x 10" 6 ) = 1.36 mV 



200 ms: z f = R^C = (2 kQ)(2 //F) = 4 ms 

u c = 50 v<r' /4ms 



f c = - 



50 V -f/4ms 

2kQ 



= -25 mAe”' /4ms 



= u c = -50 V^ /4ms 
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29. a. t= RC = (5 kfi)(20 //F) = 100 ms 
u c = 50 V(1 - A ,/I00ms ) 

• — ^ -f/ 100ms i n * -//100ms 

?c e — 10 m Ac’ 

5k£2 

u Ri = i c ■ Rx = (10 mA)(3 kQ) A ,/I00ms = 30 VA' /I00ms 

b. 100 ms: e“‘ = 0.368 

u c = 50 V(1 - 0.368) = 50 V(0.632) = 31.6 V 
i c = 10 mA(0.368) = 3.68 mA 
u Ri =30 V(0.368) = 11.04 V 



c. 200 ms: t ' = R 2 C= (2 kQ)(20 //F) = 40 ms 
u c = 31.6 Ve“' /40ms 

i c = _ 3L6 v e -//40ms = -15.8 

2kQ 

u* = - tic = — 31.6 Vg _,/40ms 
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32. a. u c =V f +(V i -Vf)e- t/T 

t= RC = (10 kQ)(2 juF) = 20 ms, V f =50V, V f = - 10 V 
oc = 50 V + (-10 V - (+50 V ))e“' /20ms 
v c = 50 V - 60 Ve~' /2,lms 



b. Initially V R = E+ u c = 50 V+ 10 V = 60 V 

• -t / t 60 V -//20ms y; * -//20ms 

ir — e = e = o in A e 

R 10 kQ 





33. r = RC = (2.2 kQ)(2000 juF) = 4.4 s 

u c = Vce~ ,/T = 40 \e~ ,nA s 

/ = = -i^- e -'/4-4* = 18.18 mXe ,iA% 

R 2.2 kQ 

Vr=v c = 40 V*f ,/4 4s 



34. 



u c = V f +(V t -V}^ T 

t=RC= (860 Q)(4000pF) = 3.44 //s, V f =-30V, V,= 20 V 
u c = -30 V + (20 V - (-30 V))V (/3 ' 44/,s 

u c = -30 V + 50 



Im 



20V + 30V 
860 Q 



= 58.14 mA 



i c = -58.14 mAe“' a44/6 
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t= RC= (18.2 kQ)(6.8 //F) = 123.8 ms 
v c =Vf+(V i -Vf)e- ,/T 

= 52 V + (12 V - 52 V) e -' /123 ' 8ms 
v c = 52 V - 40 Ve“ ,/I23 - 8 ms 
u fi (0+) = 52 V - 12 V = 40 V 
• _ 40 V //123.8 ms 

C 18.2 kQ 
= 2.20 mA«“" 123 ' 8 ms 




36. a. v c = 12 V(1 - e - 10 ^ /20 ^) = 12 V(1 - e~ 0 5 ) = 12 V(1 - 0.607) 
= 12 V(0.393) = 4.72 V 



b. v c = 12 V(1 - e~ l0r,T ) = 12 V(1 - e~ 10 ) = 12 V(1 - 45.4 x 10 -6 ) 

= 12 V 



c. 6 V = 12 V(1 - e~ t/20/JS ) 

0.5 = 1 - e~ tl20 ** 

-0.5 = -e~ t/20f,s 
0.5 = e~ ,/20fei 

log e 0.5 = log,. (f’ V> /S 
-0.693 = —tl 20 jjs 
t = 0.693 (20 /js) = 13.86 jus 
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d. u c = 11.98 V= 12 V(1 -e l,20[iS ) 
0.998 = 1 - e~ l,2 ° ** 

- 0.002 = - e - tl20/JS 

0.002 = - e - t/20/JS 

log e 0.002 = -t / 20 //s 

-6.215 = -t/20 jis 

t = (6.215)(20 jus) = 124.3 jus 



37. t=RC= (33 kQ)(20 ji. F) = 0.66 s 
u c = 12 V(1 - e - t/0 - 66s ) 

-t! 0.66 s\ 



38. 



8 V = 12 V(1 

12 V- 12 y e ~ t,0Ms 
-12 y e ~ t/0Ms 

-t! 0.66 s 



8 v 

-4 V 
0.333 = e 
log e 0.333 = -t/0.66 s 
-1.0996 = -t/0.66 s 
?= 1.0996(0.66 s) = 0.73 s 



t=~T log £ 



10 s = -rlog £ 



/ ,, N 

1-^ 

E 



1- 



J 

12 V'l 

20 Vy 

J 



I 

.4 



10 s 
0.916 



I 

-916.29 x 10 
= 10.92 s 



-3 



D _ D r 10.92 s 

r=i?C=>7? = — = 

C 200 jiY 



= 54.60 kQ 



39. 



a. 



r=(/?, + 7? 2 )C = (20 kO)(6 //F) = 0.12 s 
v c = E(\ - e tlT ) 

60 V = 80 V(1 - e"' /012s ) 

0.75 = 1 - e~ mi2s 
0.25 = e ~ mA2s 

/ = -(0.12 s)(-1.39) 

= 166.80 ms 



b. 



• _ E -t / T 

i c e 

R 



ic 



80 V 



166.80 ms 
0.12s 



20 kQ 

= (4 mA)(249.08 x 



= 4 mAe -139 
10 " 3 ) 



= 1 mA 
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c. 4 = i'c = 4 mAe (/r = 4 mAe 2</r = 4 mAe 2 

= 4mA(135.34 x 1(T 3 ) 

= 0.54 mA 

P s = EI S = (80 V)(0.54mA) 

= 43.20 mW 



40 . 



a. 



T = 

Oc 

ic z 



RC = 



(1 MQ)(0.2 juF) = 0.2 s 
60 V(1 - e~ m - 2 ") 

- e = — e- ,,02s = 60 juAe~" 02s 
R 1MQ 



u c : 0.5 s = 55.07 V 
1 s = 59.58 V 



i c : 0.5 s = 4.93 V 
1 s = 0.40 V 



b. 




F = RC = (1 MQ + 4 MQ)(0.2 juF) 
= (5 MQ)(0.2 juF) 

= 1 s 
60 V 



ic : 



5MQ 



e = 12 juAe 



8 /jA = 12 / lAe 1 
0.667 = e - ' 
log e 0.667 = —t 
-0.41 =-t 

t = 0.41 s 



u c = 60 Ve~ n ' 

10 V = 60 \e~‘ 

0.167 = e* 
logg 0.167 =-t 
-1.79 =-t 
t = 1.79 s 

Longer = 1.79 s - 0.41 s = 1.38 s 

41 . a. u m = u R = Ee~ t/T = 60 Ve _I ^ = 60 Ve _I 
= 60 V(0.3679) 

= 22.07 V 



b. 



_ _ 60 V e ~2Tlr 

R ~ 10 MQ 
= 6 //A(0.1353) 

= 0.81 juA 



= 6 juAe 2 
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c. u c = E(\-e- ,/T ) t=RC = { 10MQ)(0.2//F) = 2s 

50 V= 60 V(1 -e~ tl2s ) 

0.8333= 1 -e" (/2s 
log,, 0. 1 667 = -tt 2 s 

t = -(2 s)(- 1.792) 

= 3.58 s 

42. a. Thevenin’s theorem: 




43. a. Source conversion and combining series resistors: 

t=RC= (8.3 kQ)(2.2 //F) = 18.26 ms 
u c =V f +(V i -Vf)e- t,T 

= 27.2 V + (2 V - 27.2 V)<?' ;/18 - 26 ms 
u c = 27.2 V - 25.2 Ve" ,/18 ' 26 ms 
u*(0+) = 27.2 V - 2 V = 25.2 V 
25.2 V ./ 18 26ms 

lr e 

8.3 kQ 

i c = 3.04 mA/ 18 ' 26 ms 
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44. 



a. R T h = 3.9 kQ + 0 Q || 1.8 kf2 = 3.9 kfi 
E n = 36 V 




t= RC= (3.9 kQ)(20 juF) = 78 ms 
Uc=V f +(V i -V f )e- t,r 

= 36 V + (-4 V - 36 \)e~ tm ms 
u c = 36 V - 40 Ve“' /78 ,m 
u*(0+) = 36V + 4V = 40V 

40 V _(/ 78 ms 

lr e 

3.9 kQ 

i c = 10.26 mAe"™ ms 




45. Source conversion: 

E = IR\ = (5 mA)(0.56 kQ) = 2.8 V 

R' = R 1 +R 2 = 0.56 kQ + 3.9 kQ = 4.46 kQ 




= 4.46 kQ || 6.8 kQ = 2.69 kQ 

r 4V-2.8V 1.2V 

1= = =0.107 mA 

6.8 kFl + 4.46 kQ 11.26kQ 

E n = 4 V - (0.107 mA)(6.8 kQ) 

= 4 V- 0.727 V 
= 3.27 V 




u c = 3.27 N{\-e tlT ) 
t= RC= (2.69 kQ)(20//F) 
= 53.80 ms 
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46. 



a. 




t= RC = (6.8 kQ)(39 juF) = 265.2 ms 
^c=F / +(F,-F / ) £ >-' /r 

= 20 V + (3 V - 20 V)e~ tl265 ' 2 ms 
u c = 20 V - 17 Ve~" 265 ' 2 ms 
u R (0 +) = 20 V - 3 V = 17 V 

• _ 17 V f! 265.2 ms 

lr e 

6.8 kQ 

/ c = 2.5 mA^" 265 ' 2 ms 





47. a. 




1 nF 



= 2 MQ || 10 MQ = 1.67 MQ 
10MO(24V) =2|)v 
10MQ + 2MQ 
d c = £ , 7 '/,(1 — e </z ) 

= 20 V(1 - e -4 ^ 1 ) 

= 20 V(1 - e 4 ) 

= 20 V(1 -0.0183) 

= 19.63 V 



t= R T hC= (1.67 MO)(l //F) = 1.67 s 




3 //A = 



70 V ^-f/ 1.67s 

1.67 MC2 



0.25 = e~ tll ' 61s 

log e 0.25 = s 

? = —(1 .67 s)(— 1 .39) 

= 2.32 s 



c. 



^Vneter 

= Elh{\ — £ ?/r ) 

10 V = 20 V(1 - e~ tn 61s ) 
0.5 = 1 - e~ tn(,ls 
-0.5 = - e - tn(,ls 

logg 0.5 = -t/ 1.67 s 

? = —(1 .67 sX-0.69) 

= 1.15 s 
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48 . 



i c =c^£- 
A? 



0 — > 4 ms: i c = 2 x 10 6 ^ ^ = 10 mA 



4 — » 6 ms: i c = 2 x 10 = o mA 



6 — > 7 ms: z'c = 2 x 10 6 ^ = 40 mA 



7 -+ 9 ms: i c =2x lO -6 -^^ = 0 mA 



ft (40 V) 

9-» 1 1 ms: ic = -2 x 10 -6 = -40 mA 



(-5 V) 

0 -> 20 //s: z c = 4.7 //F- = -1.18 A 

20 //s 

20 -> 30 jus: i c = 4.7 //F-^— — = 0 A 

10 //s 

30 -> 50 //s: i c = 4.7 //F (+1 ° V) = +2.35 A 

20 //s 

50 -> 80 //s: i c = 4.7 //F ( ~ 15 V) = -2.35 A 

30 /us 

80 -> 90 /.is: i c = 4.7 /iF (+1 ° V ^ = +4.7 A 

10 /us 

90 //s -> 100 jus: z c = 4.7 juF^^- = 0 A 

10 // s 
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0^2 ms: i c = 0 mA Au c = 0 V 

2-» 6 ms: z c = -80mA A u r = - — (-80 mA) - -8 V 

C 20 ju¥ 

6 — > 16 ms: i c = +40 mA A u c = (1QmS> (40 mA) = +20 V 

20 juF 

16 — » 18 ms: z c =0mA A v c = 0 V 

18 h> 20 ms: i c = -120 mA Av r = (2mS) (-120mA) = -1 

c 20 //F V ' 

20 — » 25 ms: z' c = 0 mA Au c =0V 




51. C T = 6 //F + 4 //F + 3 //F || 6 juF = 10 juF + 2 juF = 12 



52. 



C r =6fi F || 12 juF = 4 juF 

C” = C' T + \2 juF = 4 juF + \2 juF = 16 juF 

C T =6 juF || C't = - — C't = (6 aF)(16 /4F) 
6 /zF + C " 6//F + 16//F 



4.36 //F 
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53. Vi = 10 V, Q, = V X C X = (10 V)(6 //F) = 60/42 

C r = 6 //F || 12 //F = 4 //F, 0 r = C r £ = (4 //F)(10 V) = 40 /42 
0 2 = 0 3 = 4O//C 



f 2 = ^ = 



02 40/42 



C 2 6//F 



= 6.67 V 



F _ 03 _ 40/42 _ 
3 C 3 12//F 



= 3.33 V 



54. C T = 1200 pF || (200 pF + 400 pF) || 600 pF 

= 1200 pF || 600 pF || 600 pF = 1200 pF || 300 pF 
= 240 pF 

Qt = C t E = (240 pF)(40 V) = 9.60 nC 
0i = 04 = 0r=9.6O nC 



Vi= Q = 9.60 nC 



= 8.00 V, V 4 = m = 



_ 0 4 _ 9.60 nC 



= 16.00 V 



1200 pF C 4 600 pF 

V 2 = F 3 = E- V, - V 4 = 40 V -8 V- 16 V= 16V 

02 = C 2 V 2 = (200 pF)(16 V) = 3.20 nC, 0 3 = C 3 V 3 = (400 pF)(16 V) = 6.40 nC 



55. 


Cl 

1/ 




+ 


K 

9 pF 


^3- 


E 1= 


p24V 

fc 


“IOjiF 

C 4 “ 


< 





(9//F)(72//F) _ 

:9 4 F 9//F + 72//F M 

•72 pF 8//F+ 10//F= 18//F 
(9/,F)(18/vF) 



C = 2 = 2 
T V E 



9//F + 18 //F 
0 = C t E = (6 //F)(24 V) = 144 //C 



= 6//F 



0! = 144 //C 



Fi = 



0 _ 144/42 



C, 



9//F 



= 16 V 



F> = £ - Fi = 24 V - 16 V = 8 V 

02 = C 2 V 2 = 10 //F(8 V) = 80 //C 
03_4 = C'V=( 8 //F)(8 V) = 64 /42 

03 = 04 = 64 //C 



T/ — *^3 _ 



F 4 = ^ 



0 3 _ 64/42 
9//F 
64/42 



_ 04 



C 4 72 //F 



= 7.11 V 



= 0.89 V 



v _ 4kQ(48 V) 

56 ' F4 ““4kn + 2k 

0O.O8//F = (0.08 //F)(32 V) = 2.56 /42 
Fo,o4/(F = 48 V 

00.04/* = (0.04 //F)(48 V) = 1.92 /42 
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57. 




60. a. W c = ^CV 2 = -^ (1000 //F)( 100 V) 2 = 5pJ 

b. Q = CV= (1000 //F)(100 V) = 0.1 C 

c. 1= Q/t = 0.1 C/( 1/2000) = 200 A 

d. P= V av I av = Wit = 5 J( 1/2000 s) = 10,000 W 

e. t= Q!I= 0.1 C/10 mA = 10 s 
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<D 4x10 Wb , , , 

B = — = — = 4 x 10" 2 Wb/m 2 = 0.04 Wb/m 2 

A 0.01 m 2 

0.04 T 

F = NI= (40 t)(2.2 A) = 88 At 
0.04/f — ^, uss = o.4 x 10 3 gauss 



mi 2 7t( 5 mm) 2 



= 19.63 x 10 -6 m 2 



N 2 iuA _ (200 t) 2 (4;rxl0“ 7 )(l 9.63x1 O' 6 m 2 ) c _ 

Lj — y #0 7 Z/l 1 

i 100 mm 



d = 0.2 37^ ] = mm 

A - £f<l _ 2021 x 10 . 6 



£ = 1.6 uC =40.64 mm 

V39.37jr6 ) 



L _ ^ 2 / /,.M _ (200t) 2 (500)(4^xl0^)(20.27xl0- 6 m 2 ) =nM mR 
£ 40.64 mm 



L _ n 2 BrBo (200t) 2 (1000)(4^xl0- 7 )(1.5xlQ- 4 m 2 ) = gQ ^ mR 
£ 0.15 m 



_ N B r B Q A 



a. V = (3 )% = 9 L a = 9(5 mH) = 45 mH 

b. L'= -L 0 = - (5 mH) = 1.67 mH 

3 3 



c. L' 



( 2 )( 2) 2 



L a = 16 (5 mH) = 80 mH 



d. L' = 



r(1500)Z, o 



375(5 mH) = 1875 mH 



a. 12 x 10 3 /M ± 5% => 12,000 /M ± 600 /M => 11,400 /M ->12,600 //H 



b. 47 /M ± 10% => 47 /M ± 4.7 /M => 42.3 //F ->51.7 //F 
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7. 



e = N— = (50 1)( 1 20 mWb/s) = 6.0 V 

dt 



8 . 



d</> d(f> e 20 V 

e = N— => — = — = = 100 mWb/s 

dt dt N 200 1 



9. 



e= N^- => N= e 

dt 



r \ 

1 



V dt j 



( 



■ 42 mV 



1 



3 m Wb/s 



14 turns 



10 . 



a. e = L— = (5 H)(l A/s) = 5 V 

dt 

b. e = I— = (5 H)(60 mA/s) = 0.3 V 

dt 



T 

e = L-^- = 
dt 



(5 H) 



“0.5 A" 


“1000 jtff 




Is 



= 2.5 kV 



11 . 



e = L^=( 50 mH) 
dt 



0.1 mA^ 

v ^ , 



5 V 



L 250 mH 

12. a. r= — = = 12.5 us 

R 20 kC2 



• /-■' 1 1 -r/Y ^ 40 mV ^ - f/ 

— — (1 — e ) — ( 1 — e ) 

A 20 kQ 



= 2/^(1-/^) 



c. Ui = Ee~ t,T = 40 mVe _ " 12 ' 5//s 

= zV? = z l A = A(1 - e t!v ) = 40 mV(l - <f' /12 - 5/iS ) 

d. i L : 1 t= 1.26 /zA, , 3r = 1.9 fjA, 5 t= 1.99 /zA 
u L : 1 t= 14.72 V, 3r= 1.99 V, 5r= 0.27 V 




A u t (mV) 




5 x 

(62.5 |as) 



> t (ns) 
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, „ L 5mH 

13. a. t= — = = 2.27 us 

R 2.2 kQ 

b. i L = — (1 -e~ ,/T ) = — - (1 - e t/T ) = 5.45 mA(l - e" 1 ' 11 ^) 

R 2.2 kQ 

c. u L = Ee~ tlT = 12 \e ~" 121 ^ 

u R = i R R = i L R = E{\ - e tiT ) = 12 V(1 - A ,/2 ' 27/fi ) 

d. i L : 1 r= 3.45 mA, , 3r= 5.18 mA, 5r= 5.41 mA 
u L : 1 r= 4.42 V,3r= 0.60 V,5r= 0.08 V 




R (20Q + 10Q) 30Q 




15. 



a. 



i L = I f +(I l -I l )e- ,lT 

Ij = 8 mA, L= — = = 9.23 mA, r= — 

3 R 3.9 kQ R 

i L = 9.23 mA + (8 mA - 9.23 mA)e - " 30 ' 77 ^ 

i L = 9.23 mA - 1.23 mAe - " 30 ' 77 ^ 

+E - v L - v R = 0 and u L =E-v R 

u R = ijf/J = />/? = (8 mA)(3.9 kQ) = 3 1 .2 V 

u L =E - u R = 36 V - 31.2 V = 4.8 V 

u L = 4.8 VA' /3,K77/a 



120 mH 
3.9 kD 



30.77 //s 
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16. a. /, = -8 mA, I, = 9.23 mA, t= — = 12 ° mH = 30.77 jus 

1 R 3.9 kQ 

i L = If+(Ii-I f )e- t,T 

= 9.23 mA + (-8 mA - 9.23 mA)e'" 30 ' 77 ' 6 

i L = 9.23 mA - 17.23 mA e ~ tmjl ^ 

+E- v L -u R = 0 (at t = 0") 

but, v R = i R R = —i L R = (-8 mA)(3.9 kQ) = -31.2 V 

v L =E- u R =36 V- (-31.2 V) = 67.2 V 

u L = 67.2 V 




c. Final levels are the same. Transition period defined by 5 r is also the same. 



17. a. Source conversion: 





2 H 
3.4 kQ 



= 588.2 jus 



h = I f + (I i ~ If)e~ tlT 



ir= — 

J 3.4 kQ 



1.76 mA 



i L = 1 .76 mA + (-3 mA - 1 .76 mA)e 
i L = 1.76 mA - 4.76 mA A ,/5SS ' 2/K 



u*(0 +) = 3 mA(3.4 kQ) = 10.2 V 
KVL: +6 V + 10.2 V - 14(0+) = 0 
i^(0+) = 16.2 V 
Vl = 16.2 V<f ,/588 ^ 



T/588.2//S 
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3 mA 



7.2 V 

I f = = -0.69 mA 

1 10.4 kQ 

L 200 mH 1ft „, 

R 10.4 kQ 

i L = If+(J,-If)e- tix 

= -0.69 mA + (-3 mA - (-0.69 mA))ef 
i L = -0.69 mA - 2.31 mAA' /l9 ' 23 " s 



-31.2 V+ 




KVL: -7.2 V + 3 1 .2 V - u z (0+) = 0 
a)i(0+) = 24 V 
v L = 24 VV' /l9 - 23/ ' s 




CHAPTER 1 1 




b. 5 r => steady state 

, L 10 mH , 

T = — = = 1 US 

R 10 kQ 

i L = I m e~' u ' = 2 mAe"' ,l/6 

Ui = -(2 mA)(20 kQ)A' /r = -40 Ve“ ,/I/A 




u L = Ee~ t/T = 12 V <T' /0 ' 5/ ' s 



b. i L = 6 mA( 1 - <f' /(, ' 5/ *) = 6 mA( 1 - A l/K/0 - 5/K ) 

= 6 mA(l - e 2 ) = 5.19 mA 

i L = I' m e~ t[z ' t’ = — = = 83 .3 ns 

i? 12 kQ 

i L = 5.19 mA£f' /83 3ns 

f = 1 jus: u L = 12 = 12 Ve -2 = 12 V(0.1353) = 1.62 V 

= (5.19 mA)(12 kfl) = 62.28 V 

Vl = -62.28 Ve-' /S3 ' 3 " s 




-62.28 V 
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21 . 



a. 



6 v: 





vw — • — 




6.8 kQ - 


\ 3 


£8.2 kfl 5 mH § 


+ 


E T h 




+ 








5 mH 
6.8 kQ 



= 0.74 //s 



k = ^(1 - e~ ,,r ) = -^-(1 - e“' /r ) - 0.88 mA(l - e mn ^) 
R 6.8 kL2 

v L = Ee ,/X = 6 \ e ~ m ' 14 ^ 



b. 



Assume steady state and I L = 0.88 mA 




+ 





5 mH 
15 kQ 



= 0.33 jus 



i L = ] m e ,H = 0.88 mA e~ M ^ 
v L = -V m e tH 

V m = I m R = (0.88 mA)(15 kfl) = 13.23 V 
v L = -13.23 Ve“' /033/B 



130 



CHAPTER 1 1 






d. V R 2 max = ImRi = (0.88 mA)(8.2 kQ) = 7.22 V 




22 . 



a. 



Rm = 2 kQ + 3 kQ || 6 kQ = 2 kQ + 2 kQ = 4 kQ 



6M(12V) iJOOjjH 

6kD + 3kQ R 4kQ 



77 

t _ 

If — 



8 V 






T/i 



4kQ 



= 2 mA 



4 = 2 mA(l - e~ tl25fiS ) 
u L = 8 V^' /25/fi 



b. i L = 2 mA(l - e') = 1.26 mA 
= 8 Ve' 1 = 2.94 V 
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23. a. Source conversion: E = IR = (4 mA)(12 kQ) = 48 V 




• . 1 — i/r . ^ ^ k / 1 -r/r . | -5-5 * / 1 — // 55 . 56 ns\ 

*i-— (1-e _ (l-g ) - 1.33 mA(l - e ) 

R 36 k£2 

v L = Ee tlT = 48 W ,/55 ’ 56ns 



b. 



t = 100 ns: 

i L = 1.33 mA(l - e - 100ns/55 - 56ns ) = 1.33 mA(l - e" 18 ) = 1.11 mA 

0.165 

uz = 48 V<f 18 = 7.93 V 





i L = -(l-A' /r ) = (1 -A' /r ) = 3.63 mA(l - <r' /6 - 67 ^) 

i? 1.5kD 

Ui = Ee~ tlT = 5.45 V<f' /6 ' 67/fi 



b. 



t = 10 //s: 

i L = 3.63 mA(l - = 3.63 mA(l 

= 2.74 mA 

v L = 5.45 V(0.246) = 1.34 V 

, L 10 mH 

r = — = =2.13 us 

R 4.7 kQ 

i L = 1.1 A mAA" 2 - 13 ^ 

At t = 1 0 jus 

V L = (2.74 mA)(4.7 kQ) = 12.88 V 
u L = -12.88 V*f' /213 ^ 




0.246 
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1 f = 2 ' 81 V =0.68 mA, t= — = — =0.49 ms 

1 4.12 kQ R 4.12 kQ 

i L = 0.68 mA + (2 mA - 0.68 mA)/ 0 - 49 ” 

i L = 0.68 mA + 1.32 ms 

o R ( 0+) = 2 mA(4.12 kQ) = 8.24 V 

KVL(0+): 2.8 1 V - 8.24 V - v L = 0 

Vl = -5.43 V 

v L = -5.43 ms 




I T =5 mA - 2 mA = 3 mAt 



+ + + 

R t 12 kQ 3kQ 4kQ 1.5 kQ 

and R t = 0.75 kQ 
Source conversion: 



E t = I t Rt = (3 mA)(0.75 kQ) = 2.25 V 




v L = 2.25 Ve-" 6 ' 61 '* 
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